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The mycology of the Basidiomycetes
lan A. Hood!

Abstract

A number of significant tree and plantation root diseases in tropical Asia are caused by certain species of
basidiomycetes. This important group of fungi, which includes such familiar forms as mushrooms, toadstools,
bracket, shelf, and crust fungi, puff balls, earthstars, and coral fungi, is characterised by the production of
sexual spores on the outside of a microscopic structure called the basidium. Basidiomycetes occupy many
niches in the environment, including decomposing litter, decaying wood and soil organic matter, in a variety
of habitats such as forests and open countryside. Some species form beneficial mycorrhizal relationships with
the roots of host trees, but others are important pathogens of the foliage, stems or root systems of different tree
species. Basidiomycete species are traditionally identified by the form and microscopic structure of their
fruitbodies, and by their appearance when isolated in laboratory culture. Important root diseases of trees in
Indonesia are caused by the basidiomycete fiigidoporus microporysJunghuhnia vinctaPhellinus

noxius and certain species Gfanoderma

Mycologyis the scientific study of fungi. It is distin-  (slime moulds) and theomycetegwhich feature the
guished from, but related tplant pathology the downy mildews and microscopic root-infecting fungi
study of plant diseases, a large proportion of whichsuch as species BhytophthoraandPythiurn). Most
are caused by harmful fungi (fungal pathogens). of the true fungi exist and grow in the form of a
Fungi are a very large, diverse group of living spreading network omyceliumof living tube-like
organisms found in nearly all ecosystems. Fungi arethreads callechyphae (though yeasts develop as
eukaryotesthat is, they have microscopic organelles budding cells). The hyphae branch as they grow from
within their cells calleshucleiwhich contain genetic  the tip, and feedheterotrophically This means that
material in the form of thread-likehromosomes  fungi cannot photosynthesise like plants and algae,
enabling hereditary characters to be passed on to subwhich areautotrophic but live eithesaprobicallyon
sequent generations. Other eukaryotes include aldead organic matter mymbioticallyin association
members of the plant and animal kingdoms, whereagvith other living organisms. The latter relationship
life forms such as bacteria and bluebgreen algae(symbiosiy may be harmful to the living plant or
whose genetic material is not held in a nucleus, areanimal host garasitic, mutually beneficial (as in
calledprokaryotegTable 1). lichens and mycorrhizas), or neutrabnmensalas
Recent study has shown that some of the organin fungi that grow agndophytesvithin living plant
isms we callfungi actually belong to other groups. leaf, root or stem tissues without causing harm).
Those no longer recognised @ee fungj include Fungi reproduce and spread by means of sexual
fungus-like organisms such as tmeyxomycetes and asexuapores both of which may be released in
large numbers. In one of the two largest groups of
1 Ensis B the joint forces of CSIRO and Scion, Te Papatrue fungi, theascomycetessexual ascospores are
Tipu Innovation Park, Private Bag 3020, Rotorua, New produced within a sac-like structure called the ascus.
Zealand. Email: <ian.hood@ensisjv.com>. Among the larger ascomycetes are the disc and cup
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fungi and a specialised category of fungi called thetaxonomy has been controversial because the number
lichens that form a symbiotic relationship with of good distinguishing characters is limited, and there
certain green algae. In the second large group, thés uncertainty and disagreement as to which features
basidiomycetessexual basidiospores are produced are more important for separating the different sec-
on the outside of a modified cell called theesidium tions and even species. The recent upsurge in DNA

Ascomycetes such dsretzschmaria zonatgsyn-  technology has provided a powerful addition to tradi-
onym, Ustulina zonata sometimes incorrectly as tional taxonomic methods.
U. deusta and Corallomycetella repengsynonym, Most mycologists separate two major groups, the

Sphaerostilbe repepsnay attack roots of hardwood  Grusts® and the Osmuts®, from among the remaining

crops such as rubber, tea or cacao, but basidiomycetgasidiomycetes (Table 2). Both contain a large

fungi are the most common causes of root diseasefumber of specialised microscopic parasitic fungi

and decay in natural forests and plantations. whose mycelium grows within the foliage, twig or
stem tissues of flowering plants, conifers or ferns

The nature of the basidiomycetes They have complicated life cycles featuring, in the

case of the rusts, up to five different spore tyibas

The basidiomycetes make up a huge variety of fungiallow the fungus to alternate between different$os

(ca. 23,000 species are known). Determining theirHowever, many rust species have reduced life cycles

Table 1. How the basidiomycetes relate to other living organisms

b prokaryotes (nucleus absent) D bacteria

b bluebgreen algae
b other prokaryotes
D eukaryotes (nucleus presenf) animals
b plants and red and green algae
b slime moulds (several groups)
B water moulds (oomycetes) and brown algae
b true fungi b ascomycetes (including lichens)
b basidiomycetes

b other true fungi once grouped in the former
OphycomycetesO (glomeromycetes, zygomycetes,
chytridiomycetes)

b other eukaryotes

Table 2. A simplified, artificial classification of the basidiomycetes

b rusts
B smuts
b others B heterobasidiomycetes (divided basidium; e.g.wood ears, jelly fungi)
B homobasidiomycetes (simple, undivided basidium)
b OgasteromycetesO (e.qg. puff balls, earth stars, stink horns, birds-nest fungi)
B Ohymenomycetes®
b Dacrymycetales
b OAgaricalesO (broad sense, e.g. mushrooms, toadstools, boletes)
B OAphyllophorales (e.g. bracket and shelf éoniigjoid fungi, toothed and spined fungi, conandi)
b Others

35



From: Potter, K., Rimbawanto, A. and Beadle, C., ed., 2006. Heart rot and root rot in #hepitiaplantations.
Proceedings of a workshop held in Yogyakarta, Indonesia, 79 February 2006. Canberra, ACIAR Proceedings No. 124.

that lack some spore states and occur on onlyaste h  variety of only distantly related families, they too are
The remaining basidiomycetes, the Oothersd (Jable 2till in use as convenient, all-embracing, informal
include the larger forest fungi e.g. mushroomsgtoa categories. In the agarics, the basidia are produced on
stools, jelly and bracket fungi. Many members @ th the gill surfaces. The spores, when released, fall
group are linked in common by a unique type of under gravity, emerge from between the vertically
septum (the cross wall that divides the hyphae intoorientated gills, and are blown away in the wind. The
separate cells) known as the dolipore septum. Thesé\phyllophorales comprise many different forms
fungi fall into two sub-groups; the heterobasidiany including horizontal bracket and shelf fungi, sheet or
etes, in which the basidium initial is partitionbyl crust fungi (corticioid), toothed fungi (with vertically
wallls into four cells following meiosis (Figure End hanging spines or teeth), and coral fungi (with erect
the homobasidiomycetes, in which it remains undi- antler- or tree-like branches). The life cycle of a
vided as a single cell. typical aphyllophoroid basidiomycete, showing also
The homobasidiomycetes were once conveniently@ typical simple, homobasidiomycete basidium, is
separated into the hymenomycetes, whose spores afeortrayed in Figure 2. A comparatively small number
actively ejected from the basidium in the expandedOf basidiomycete species also produce asexual spores
fruitbody (basidiocarp), and the gasteromycetes,(e-g- the important Northern Hemisphere root disease
whose spores are held passively. It is now generallyfungus,Heterobasidion annosum
accepted that both groups are artificial, being com-
posed of a heterogeneous collection of different fam- Basidiomycetes in the environment
ilies, though for practical purposes they are still used
in an unofficial way as helpful, readily understood Like other fungi, different basidiomycetes feed
categories. The gasteromycetes include the puffballssaprobically or symbiotically. Saprobic basidiomyc-
and earth stars, which rely on the impact of falling etes occur in forests (in the soil, in leaf or twig litter,
rain drops to puff their spores into the air; the or as wood colonisers in standing trees or fallen
unpleasantly smelling stinkhorn; veil and basket stems), in open country (also in soil or decomposing
fungi that attract flies for spore dispersal; and thelitter), and in many other places. Many basidio-
birds nest fungi that also depend on the force ofmycete fungi serve an important ecological role as
falling rain to splash their OeggsO (packets of sporesjpod decomposers (see Mohammed et al. 2006). A
over a considerable distance. The hymenomycetesiumber of small toadstool species occupy a special-
incorporate the Dacrymycetales (small, brightly col- ised position, along with other fungi, in colonising
oured, jelly-like fungi that can be rewetted and reju- animal dung (coprophily), and speciesTarmito-
venated after drying down, and which have a forked,myces(a genus of toadstool fungi) are found within
two-spored basidium), the traditional Agaricales termite nests.
(also known as agarics N gilled mushrooms and Another important ecological niche is filled by
toadstools, and poroid boletes), and the Aphyllopho-certain agaric species (mushrooms and toadstools)
rales. Although both the Agaricales and Aphyllopho- and also other types of subterranean basidiomycete
rales are also heterogeneous groups containing #e.g. Rhizopogorspecies) which beneficially infect

Figure 1. (A) Fruitbody, (B) septate basidia, (C) detached spore, and (D) clamped hyphaecofaria
spp. (wood ear fungi), within the heterobasidiomycetes. After Hood (2003)
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the small roots of living trees forming an ectomycor- species belonging tGrinipellis andMarasmiusare
rhizal association (one of several types of mycor- associated with leaf and twig blights in tropical forest
rhiza). In this relationship, the fungus benefits by canopies and understoreyGrinipellis perniciosa
receiving carbohydrates from the host, while the andMycena citricolacause witches broom and leaf
mycelial network extending out into the soil from the spot diseases of cacao and coffee, respectively, in
infected root system provides the host with an central and South America. Rusts and smuts cause
enhanced supply of nitrogen and phosphorus, particserious diseases of major food crops. Rusts infecting
ularly advantageous in nutrient depleted soils. Acacia species includeRacospermyces digitatus
(synonym,Atelocauda digitatg)which causes dis-
tortion and malformation of the phyllodes of species
such a®\. mangiumandUromycladium notabiland
U. tepperianum which produce globose galls and
eventually dieback on bipinnate and phyllodinous
acacias.

In temperate zones, important root diseases of
plantation forests are caused by species irHgste
erobasidion annosuncomplex and by species of
Armillaria. Armillaria root disease often has more
impact in cooler, higher elevation forests in the
tropics, while at lower altitudes, significant root dis-
eases are caused Bygidoporus microporugsyn-
onym, R. lignosuy Junghuhnia vincta(synonym,

R. vinctu}, Phellinus noxiusand species déano-
derma

Identifying basidiomycetes

The body or thallus of the basidiomycete fungus (the
Figure 2. Lifecycle of a typical hymenomycete. mycelium) is normally hidden within the substrate,
Plasmogamy is the fusion of one cell from and it is generally only the fruitbody or basidiocarp

each of the paired primary mycelia that is visible at the surface. For this reason, and

without union of their nuclei; as a pecause the fruitbody tends to show the greatest mor-
consequence, the new cells in the resultant ppo|ogical variation, conventional mycology relies
secondary mycelium each contain tWo 4, 5 number of macroscopic and microscopic fea-

haploid nuc_lel, n=mn Kar_yogamy_ 'S tures of the fruitbody to distinguish between species.

nuclear union resulting in a single . .

A selection of the more usual of these characters is

combined diploid, 8, nucleus within the . )
cell: the haploid state is restored by catalogued below, concentrating particularly on the

nuclear division through the process of Aphyllophorales (e.g. corticioid and polypore fungi),
meiosis in the basidium, allowing red Which are more likely to be associated with root

assortment of the genetic material among disease and wood decay in hardwood plantations.
the progeny. After Gadgil (2005) The use of fruitbody morphology in distinguishing

between fungi is sometimes augmented by other

Certain parasitic basidiomycete fungi cause impor- methods such as the appearance and form of the
tant tree diseases. Examples of stem disorderdungus in pure culture (see below); physiological fac-

include, in the tropics, pink disease (causeiyyh- tors, such as the degree of virulence to different hosts,
ricium salmonicoloy synonyms(Corticium salmoni-  environmental growth preferences (nutrients, tem-
color, Phanerochaete salmonicojor and in perature); and by relationships at the molecular level,
temperate regions, silver leaf disease (caused bys shown in protein profiles (e.g. immunological or

Chondrostereum purpureymA number of agaric isozyme analysis) and DNA sequencing.
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Macroscopic features of the basidiocarps confirm the identification. Some of the microscopic

) ) o characters include the following:
Longevity annual or perennial (surviving one or

more than one year).

Texture soft and fleshy, gelatinous, cartilaginous,
brittle, corky, leathery, or woody; dry, moist, or
sticky; upper surface smooth, velvety, hairy or scaly.

Colour of internal tissueqcontext and spore-
bearing component): white, pale brown, dark brown

Hyphal composition of fruitbody tissues (Figure 3):
In simple terms there are three types of hyphae
present in most corticioid and polypore fungi.
Generative hyphaethin, or occasionally thick-
walled, branched hyphae, with septa (cross walls)
found in all fruitbodies. Called generative, because
or other (e.g. black, red). "they give rise in some §pecie§ to other types of
Form: pileate (projecting out from the substrate h)_/phae. Septa may be simple (i.e. lack clamps) or
| i : with one, or sometimes more structures called clamp
surface), resupinate (forming a fiat sheet or crust), Ofconnections at each cross wall (the clamp connection

effused-reflexed (forming a shelf with the base.'sahyphal outgrowth that bridges two adjacent cells

e_xtending_ down over the substrate as aﬂgt.sheet); I{‘esulting from cell division, enabling one of the
pileate: simple or compound; stalked (stipitate) or daughter nuclei to pass from one cell to the other;

sessile; solitary or clustered (possibly imbricate, i.e. lamps are unique to, and help to identify many
several shelves overlapping one above the other); if;l;asidiomycetes, but r’10t all basidiomycetes have

stalked, attached at.the side.or centrally. clamps; illustrated in Figures 1, 2 and 3).
Spore and basidia-bearing surfacesmooth, Skeletal hyphae long, thick-walled or solid,

folded or warty, u_sga_lly fo”‘?i”g the fruit ,bOdy _under unbranched (or sparingly branched in some species)
surface (e.g. corticioid fungi); lining vertical gills or hyphae lacking septa, derived from generative
lamellae (e.g. agaric fungLenzites Panus Pleu- hyphae.
rotus species); lining verti_cal, downward-dire_cted Binding hyphaemuch-branched, thick-walled or
pores ©g. polypore_ fungt; b0|e.tes)’ op.vertlcally solid hyphae lacking septa, derived from generative
hanging teeth or Spines (hy(_jn0|d fungi); on erect hyphae. May be narrower than skeletal hyphae.
brfEl)r']ches '(e.g. r.amarflofld .ﬂ;)n?j')_etc_a h of These hyphal types allow for three kinds of fruit-
|meInS|or|1|s Size of fruitbody; width of context, body composition, which are characteristic of partic-
pOres, amg ae.. ) ular genera and species:
. .Hogt the "?'e”“ty ortype Of, host supporting a fruc- Monomitic composed only of generative hyphae
tification (fruitbody) may be important. (which in monomitic construction also provide sup-

Nature of decay associated with a basidiocarp on port: characteristic, therefore of many non-woody
wood white, fibrous or stringy (simultaneous delig-  frjthodies).

nification); brown, cubically fractured; pocket rot

(_selective delignificqtion); appearance of any zone oy or binding hyphae (which provide the support).
lines (pseudosclerotial plates). Trimitic: composed of all three types of hyphae

The fruitbodies of agaric basidiomycetes (mush- s,pport being provided by skeletal hyphae bound
rooms and toadstools) are distinguished initially by together by interweaving binding hyphae).

their spore colour (as revealed in the spore deposit); pimjtic and trimitic types of construction are char-
the presence or absence of a ring around the stalk 0fqteristic of more woody, perennial fruitbodies, in
stipe, and a cup-shaped structure called the volva af,nichy generative hyphae are more easily found at the
its base (the partial and universal veils); the nature ofg), developing areas such as the fruitbody margin,
the substrate (soil or wood); surface texture (SmOOth'hymenium (spore-producing layer), or pore mouth.
velvety, scaly; dry, sticky, with fibrils etc.); and the \yhen identifying species, it is also important to
form of the gill attachment to the stipe. record the dimensions, colour, and colour reactions
of the different types of hyphae.

Dimitic: composed of generative and either skel-

Microscopic features of the basidiocarps )
Nature of the hymenium:

The macroscopic form of basidiomycete fruit-  The hymenium is the microscopic layer containing
bodies may vary considerably according to situation,the basidia and spores. Species can be distinguished
and the overall appearance can sometimes be misby the form and size of the basidium (including the
leading without a microscopic examination to number of sterigmata or appendages that bear the
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spores, usually four, and whether there is a clampldentification in culture
present at the septum at the base), the presence and . o .
character of other structures, such as cystidia, metu- Very few basidiomycete fungi fruit in artificial
loids (lamprocystidia) and cystidioles (Figure 3), and culture, so although different species can be distin-
the appearance of the basidiospores, if presentguished from one another by recording their vegeta-
Spores are distinguished by their shape and sizelive appearance and structure during growth, it is
surface ornamentation (smooth, warted etc.), colour,frequently not possible to name them, even when
and colour reaction to an iodine-based chemicalcomparison is made with a number of published
preparation called Melzer®s reagent (blue, redulture descriptions currently available (see Bibliog-
brown, or non-reactive). raphy). Under these circumstances, one way to iden-
The character and appearance of the spores antfy an unknown culture is to match it with others
various elements such as cystidia and metuloids thatsolated from the tissues of verified fruitbodies.
may be present in the hymenium layer are also impor-There are also several compatibility tests that can be
tant features for distinguishing agaric species, as issmployed, such as the Buller test. This makes use of

the internal arrangement and structure of the hyphadhe observation that when an unknown field isolate is
within the gills or lamellae. paired in culture with single-spore test isolates of

known identity, a positive interaction will occur only

Figure 3. An assortment of microscopic elements from basidiomycete fruitbodies. The left half of the figure
is composed of hyphae: (A) generative hyphae, with and without clamp connections at the septa
are situated top left, and (B) two skeletal hyphae and a (C) branched binding hypha are at the
lower left. At the centre and top right are sections of two hymenial (spore-bearing) surfaces with a
(D) non-septate basidium (and attached spores) and a pointed (E) seta (centre), and on the right
(left-to-right) are a specialised (F) setoid element with spines, a (G) cystidiole and a (H) crystal-
encrusted lamprocystidium (metuloid). Various basidiospores (l) belonging to different species
are present lower right.
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with isolates of the same species, thus allowing a sucwhich also enables identification if the identity of one
cessful identification of the field isolate. A positive of the cultures is known. However, this method has
interaction is indicated by a change in the nature ofits limitations, and a control pairing using a different
the test isolate from the haploid to dikaryotic condi- genotype of the same species should form part of the
tion (cells with two nuclein +n, Figure 2) as aresult procedure to demonstrate the appearance of a clear
of the movement of nuclei from the field culture. This zone of incompatibility.

change can be detected by microscopic examination The rapid development of molecular technology
(e.g. by the appearance of hyphae with clamps ahas provided another approach which is already
septa within the test isolate, which occurs only whenbeing used to identify unknown basidiomycete iso-
the hyphae become dikaryotic), and sometimes bylates, by comparing DNA profiles with those of cul-
changes in the visible appearance of the test cultureures from authenticated fruitbodies. As with cultural
itself. Again, the uniform merging of two dikaryotic methods, which are limited by a lack of available
cultures without the formation of an incompatibility culture descriptions, it is still necessary to build up
barrier zone may indicate that the cultures belong toreference libraries of DNA profiles of accurately
the same genotype and therefore to the same specieglentified species.

Figure 4. A collage of micro-elements from basidiomycete was. Straddling a crystal-encrusted
lamprocystidium (A B centre) are three (B) thickledh non-septate skeletal hyphae (branched
and unbranched; binding hyphae are not distingdigheultural descriptions). To the left are (C)
clamped generative hyphae and a hypha with (D)ustetions of crystals; (E) a hypha with two
clamps at the septum is on the right. At the tgptrare vegetative propagatory microstructures:
(F) oidia (arthrospores), above, and a (G) thickegaintercalary chlamydospore. At lower right
is a (H) Ohyphal knot0, (1) a jigsaw-like tisststeflocking hyphae, and a cluster of (J) rounded
cuticular cells.
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The procedures for describing basidiomycete surface bright orangebbrown, eventually paling,
species in culture rely on features such as thetgro  pores fine (6D9 per mm). In section, context palle ¢
rate on standard medium, colony colour, appearancepured. Monomitic, generative hyphae thin- or thick-
odour, and colour reaction to a selection of remgen walled, with cross walls (septa), without clamps,
Microscopic characters include the presence onalese hyaline (colourless). Hymenium with cystidioles

of clamps at the colony margin and in the oldeiuca| (Figure 3), basidiospores sub-globose, thin-walled,
various types of hyphae and propagules, and a numbecolourless, smooth, non-staining in MelzerOs réagen
of other distinctive microstructures (Figure 4). (inamyloid), 3.5D4.% 3.5D4 um. Unlike the related

R lineatus has no encrusted metuloids (lampro-

n : cystidia) in either fruitbody or culture. Causemat
Some baSIdlomyceteS causing root disease of planted trees (e.g. rubbleyeg; produces

disease in tr0p|ca| hardwood white, branching mycelial cords and a white rot.
plantations
Junghuhnia vincta(synonyms,Poria vincta,

The following basidiomycetes, all in the Aphyllopho Rigidoporus vinctu} (Figure 5)
rales, cause significant root disease or heair tobp-
ical forests and plantations. All are known in Indsia. Fruitbody a pinkish (varietyincta) or greyish-
Brief descriptions are given to emphasise key macro brown (varietycinereg resupinate crust; pores fine
scopic and microscopic distinguishing featuresodnf (612 per mm). Dimitic, generative hyphae thin-
tunately, fruitbodies may not appear on infectegsr  walled, with cross walls (septa), without clamps,
until disease is well advanced, so identificatieney- hyaline (colourless); skeletal hyphae thick-walled,
ally relies on field symptoms or the isolation bcac-  slightly coloured, without septa. Hymenium with
teristic cultures. Many basidiomycete species havecystidioles and encrusted metuloids; basidiospores
changed their names over the years as more has beaub-globose, thin-walled, colourless, smooth, non-
learned about their relationships, so some olden-sy staining in MelzerOs reagent (inamyloid), 3.585.5

nyms are also provided to help avoid confusion. 3P4 pm. Occasional clamps in culture. May fruit in
older culture. Causes a root disease of planted trees.
Rigidoporus microporugsynonyms Produces a white rot.

R. lignosus Fomes lignosu}p

) ) ] . Phellinus noxius(Figure 6)
Fruitbody a broad (to 20 cm wide), relatively thin,

annual to less frequently perennial, leathery, disoa Fruitbody a cinnamon-brown, broadly attached,
attached shelf, clustered, often imbricate; upper s woody shelf, developing a blackish crust on theeupp
face, concentrically furrowed, initially orangeE®ed surface, or a similar coloured resupinate sheetielro
brown, faintly velvety, later smooth, faded; lower surface, greyish to dark brown, pores fine (6D8

Figure 5. Juhnghuhnia vinctalLeft-to-right, poroid, fruitbody crust; section of fruitbody showing pore zone;
microscopic elements of fruitbody, including a (A) sectioned metuloid, (B) hymenium zone with
basidium, spores, and two cystidioles; (C) two thin-walled hyphae with septa and (D) three thick-
walled, non-septate skeletal hyphae. After Hood (2003)
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per mm). Tissues golden-brown within. Dimitic, with binding hyphae. The skeletal hyphae are the most
narrow generative hyphae having septa that lackobvious within the tissues, and clamped generative
clamps, and wider, thick-walled, non-septate, gelde hyphae are not easily seen. Spores double-walled,
yellow skeletal hyphae. No setae (Figure 3) arsgme  with fine spines between the two layers, apex trun-
in the hymenium (as in some otlidrellinusspecies), cated, ovoid, pale brownish, 6096 4b8 pm.
but characteristic long, thick-walled, pointed, re@p- ~ Causing root disease in hardwood hosts (e.g. rubber,
tate, deep redbbrown setal hyphae (tramal setae) acacao, tea). Infected roots are coated in a reddish or
found within the tissues. Spores smooth, ovoichuel  reddish-brown mycelial crust which has a creamy-
less, 3.5D% 3D4 um. Fruitbodies are not always seen,white rhizomorph-like growing margin. Produces a
but infected trees are recognised by a charadterist white rot.
brown mycelial weft (with setal hyphae presentpor Ganoderma philippiibelongs to the Ganoderma-
black mycelial crust that forms on infected roatsla taceae, a family characterised by a dimitic or trimitic
develops collar-like around the base of the stem.hyphal system with clamped generative hyphae
Decayed wood eventually becomes pale and honey{often difficult to find), and especially by a character-
combed in sheets, with brown zone lines. istic spore with tiny spines or echinulae positioned
Phellinus noxiudelongs to the Hymenochaetaceae, between two walls. The family includesmauro-
a family characterised by fungi with cinnamon-brown derma with species that have stalked fruitbodies, and
or golden yellow tissues, and generative hyphaeGanodermawhich forms annual or perennial, corky
without clampsPhellinusspecies are all dimitic. Most  Or woody bracketsGanodermaspecies are divided
do not cause disease, but many are responsible fdnto two groups, those with a non-shiny upper fruit-
heart rots in living trees on which they producenpr ~ body surface formed of interwoven hyphae

inent shelves or hoof-like brackets. (e.g.G. philippii, G. australe Figure 7, upper left),

and others, often stalked, with a shiny, lacquered
Ganoderma philippii(synonym, surface composed of a palisade of hyphal ends
G. pseudoferreumn(Figure 7) (Figure 7, centre; e.@. cupreumG. steyaertanugm

Figure 7, centre, upper righGanodermaspecies are

Fruitbody a broadly attached, woody shelf, con- highly variable and difficult to separate into reliable
centrically furrowed and warty above, smooth, semi- taxa using conventional morphology. While some
glossy in parts, coloured dark reddish- or purplish- species in both groups are well understood, other
brown, with a narrow, white margin; white or even- OspeciesO can still not be reliably resolved, and many
tually brownish, beneath, with medium-fine pores laccate forms will probably prove to be synonyms of
((4b)6b7 per mm). Tissues brown. Often groupedpther taxa. Under these circumstances, the precise
imbricate. Trimitic, with narrow generative hyphae, identification of the species responsible for root
having septa with clamps; wider, thick-walled, non- disease i\cacia mangiunplantations is a consider-
septate, brown skeletal hyphae that branch near thable challenge. The gen@anodermais currently
ends; and narrower, thick-walled, brown, branching Oin taxonomic chaos® (Ryvarden 1991, 1995), but it

Figure 6. Phellinus noxiusFruitbody (right) and segment of crust (left) taken from a diseased root. Centre,
microscopic features, including (top to bottom) (A) dark-brown rounded cells from mycelial crust,
(B) skeletal hyphae, (C) two thin-walled, septate, clamp-less, generative hyphae, and (D) two thick-
walled, setal hyphae with pointed ends. After Hood (2003)
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appears that the use of molecular technology will G. australe G. cupreunh, while others are harmful
soon result in a more satisfactory situation. Someparasites (e.dgs. philippii, G. steyaertanunand the
species ofGanodermaare saprobes, causing heart European laccate speci€s, lucidun).

rots in living trees and decaying fallen wood (e.g.

Figure 7. Ganodermaspecies. Fruitbodies @. australe with a dull upper surface (top left),
andG. steyaertanunftop right) andG. cupreum(centre left), both with a shiny red
laccate surface, turning into a black crust in the case of the latter. Section of
Ganodermasp. fruitbody (lower left). Microscopic features: section of upper surface
of fruitbody with a laccate crust (centre right), and distinctive spore and branched ends
of two skeletal hyphae (lower right). All three species are reported from Indonesia and
elsewhere. After Hood (2003)
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The use of DNA techniques to identify fungi
Morag Glenl

Abstract

DNA provides an abundance of taxonomic characters for the identification of organisms that have inadequate
morphological characters, or possess distinguishing features only during particular stages of their life cycle.
Methods of accessing these DNA characteristics vary, though variations of PCR-based techniques are popular
at present, because of their speed, sensitivity and high throughput capability. Several popular methods are
described that have been applied in diverse areas including food quality, forest ecology, and human, animal
and plant pathology. The method selected for a particular application will depend on several factors, including
the number of samples and number of candidate species. All DNA-based techniques depend on an adequate
herbarium resource of carefully preserved specimens with detailed morphological descriptions to verify the
DNA-based protocol.

DNA techniques are a valuable tool in the identifica- fungi in preserved and manufactured foods and
tion of fungi. They are particularly useful as a meansspecies verification of high-value truffles.

to determine the identity of a fungus when it is not DNA identification of plant-associated fungi also
producing fruitbodies, the morphological taxonomic has many applications, including community studies
characters that form the basis of the species descripef beneficial mycorrhizal fungi, monitoring the con-
tion. While some fungi can be grown in culture with tinued presence of inoculated biocontrol or symbiotic

ease and produce characteristic microscopic featurefungi, and early detection of disease-causing fungi to
that assist in taxonomic identification, others are dif- allow timely management.

ficult to grow in culture or, when grown in culture,
fail to develop key distinguishing features. The need
for rapid identification, as in quarantine or biosecu-
rity applications, may also justify the use of DNA

techniques. . !
q constructed from a variable number of nucleotides,

DNA techmques for_the identification (.)f fungi also called bases or base-pairs (bp). Each nucleotide
have been widely used in human and veterinary med-

- . . . consists of a 5-carbon sugar molecule, deoxyribose,
icine, where rapid and accurate identification of 9 y

fungal pathogens assists the selection of appropriat(\aN'th a phosphate group attached to carbon 5 and one

treatment. They have also been applied to foodOf four bases attached to carbon 1 (Figure 1). The

quality control for the detection of contaminating four _bases are adenine, guanine, cytosine and
thymine, commonly referred to as A, G, C and T,

respectively. As a strand of DNA is synthesised, the

1 Ensis B the joint forces of CSIRO and Scion, Private Bag phosphate group of a nucleotide is chemically

12, Hobart, Tasmania 7001, Australia. bonded to the 3" hydroxyl group of the last nucleotide
Email: <morag.glen@ensisjv.com>. in the growing chain.

DNA basics

DNA (deoxyribonucleic acid) is a long molecule
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the number of samples. However, the foundation for
all methods is the use of a DNA Osignature to link the
unknown fungus to a fully described, morphologi-
cally characterised herbarium specimen. Identifica-
tion of a broad range of fungi is therefore dependent
on a comprehensive set of reference specimens that
have been examined and identified by a mycological
taxonomist with the appropriate skills for the class of
fungi under consideration. Public DNA sequence
databases can be used as additional sources of infor-
Figure 1. Deoxyadenosine triphosphate (dATP) one mation, but should not be relied upon except for ten-

of the four deoxynucleotides (dNTPs) tative identifications, as validating the identity of

needed for synthesis of DNA source material is rarely possible.

) Methods for DNA identification of fungi include:
DNA occurs in cells as a _double-stranded molecule,gqthern blotting; PCR (polymerase chain reaction);

held together by electrostatic forces betweenéised pcr.RFLP (PCR restriction fragment length poly-

in strand 1 and those in strand 2. Guanine isrtefdet-  \orphism); T-RFLP (terminal restriction fragment
ically attracted to cytosine, and adenine to thyayamd length polymorphism); DNA sequencing: and micro-

these pairs are called OcomplementaryO. The doublgays The first step for any of these methods is DNA
stran_d' 1S thfermodynamlcally stabl_e under physiotigi extraction and purification, for which many protocols
conditions if the two strands consist of compleragnt and manufactured kits are available

base sequences (Figure 2). DNA polymerase is an
enzyme that synthesises DNA by copying an existing
strand of DNA. It does not make an exact copy,abut
Oreverse complementO. The two strands of DNA are Southern blotting or dot blotting involves binding
separated and a Oreverse complementO made of egehomic DNA to a membrane, denaturation of the
strand, so that strand 1 is the template for asteamd bound DNA, then hybridisation with a labelled probe
2, and vice versa. It is the order or sequenckehs, (Goodwin et al. 1989; Figure 3). The probe consibts
Cs, Gs and Ts that provides the genetic informaltiah 3 short fragment (20 or more bp) of DNA that isqjuei

is passed from cell to cell and generation to g&iweT, o the target organism. Because of the requirefoent
and tis determining this sequence of nucleotidais  comparatively large quantities of DNA, this method
referred to as ODNA sequencingO. has largely been superseded by PCR-based methods.

PCR

PCR was developed in the 1980s and exploits a
There are several techniques that can be used fothermostable DNA polymerase enzyme from a ther-
fungal identification. The selection of the most motolerant bacterium so that the enzyme can with-
appropriate method depends on the application andgstand the temperature cycling required for PCR

Southern blotting

Methods

Figure 2. Two DNA strands with complementary base pairs form a stable duplex
(A), but two strands with a high number of mismatches do not (B)
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(Saiki et al. 1988). PCR is used to make many copiess achieved by heating the reaction mixture. It is then
of a small portion, usually up to 1 kbp, of genomic cooled to promote primer annealing and heated again
DNA. Two primers, oligonucleotides of approxi- to reach the optimum temperature for the DNA
mately 20 bases, with base sequences complemerpolymerase to extend the primers, making a reverse
tary to a small fragment on either side of the targetcomplement copy of the template DNA strand. This
DNA are also required to initiate replication. Separa- three-step heating and cooling profile is repeated for
tion of the two template DNA strands is necessary 30D40 cycles, allowing a theoretical doubling of the
before the primers can bind to the template, and thigarget sequence with each cycle (Figures 4 and 5).

Figure 3. A. Southern blotting procedure. B. Dot blotting gamt require gel electrophoresis and transfer,
instead the DNA solution is spotted directly ortte membrane. DNA is denatured by heat or
alkali, to separate the two strands, then apptiedrtylon or nitrocellulose membrane in a regular
pattern by pipette or by suction through a spetésice. The membrane is then incubated in a
solution containing labelled probe DNA, which binaisly to DNA of the target species. The
label can be radioactive, fluorescent or enzymaiiter development of the radiogram (for
radioactive probes), the DNA spot from the targetcses will produce a dark spot on the film.
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During a 30-cycle PCR, assuming 100% efficiency, modulin (Mule et al. 2004) or multi-copy regions
230(j.e. 10) copies of a target sequence can be madesuch as rDNA ITS (ribosomal DNA internal tran-
sufficient for visualisation on ethidium bromide scribed spacers) for greater sensitivity (Flowers et al.
stained gels. 2003). Extensive testing is required to validate the
To use PCR as a fungal identification tool, species-species-specificity of the PCR test. Internal amplifi-
specific primers are required, which will amplify a cation controls are also necessary to provide confi-
product from only the target species. Species-specificdence in negative results (Hoorfar et al. 2004).
primers can be designed for well-characterised gene$pecies-specific PCR can be adapted to high-
such as calmodulin (Mule et al. 2004) or unknown throughput equipment, allowing the rapid processing
sequences such as RAPD (random amplified poly-of many samples, but the method is suitable for iden-
morphic DNA) or AFLP (amplified fragment length tification of only one or a few fungi, as each sample
polymorphism) products (Dobrowolski and OOBrien must be tested for each species of interest. Applica-
1993; Vos et al. 1995; Schmidt et al. 2004). Primerstions include early detection and identification of
can be made to target a single-copy gene such as caplant pathogens, monitoring the spread of pathogens

Figure 4. A schematic representation of cycle 1 of a PCR
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or biocontrol organisms and validation of disease- PCR product with an enzyme that has a 4bp recogni-

free status for safe germplasm movement. tion site will typically cut the PCR product into 2D8
fragments of assorted sizes that will generate a par-
PCR-RFLP ticular profile when subjected to electrophoresis on

PCR-RFLP starts with a PCR, using primers with an agarose or acrylamide gel (Figure 6). This method
broad specificity, such as primers ITS1-F and ITS4, has been widely used in ectomycorrhizal research as
that will amplify a product from most if not all fungi, it is suitable for samples that contain mainly one
but do not amplify plant, animal or bacterial DNA. fungus that could belong to any of a large number of
The PCR product is digested with a restriction species (Gardes and Bruns 1993). Digestion with two
enzyme that cuts the DNA strands at a particular rec-or three different restriction enzymes is usually
ognition site for each enzyme. The recognition site required to distinguish most species. While many
for Hae lllI, for example, is GGCC. Cutting a 1 kbp species can be clearly distinguished using this

Figure 5. A representation of the first three cycles of a PCR, showing the
production of specific fragments delimited by primer sequences.
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method, some genera suchTasnentellaand Corti- herbarium specimens. The more extensive the refer-

narius have many species with very similar profiles ence database, the greater the likelihood of obtaining

that are difficult or impossible to distinguish. a match, and the lower the risk of applying an incor-
A sizing error of up to 5% must be accommodated inrect name. Profiles must be 100% identical N a

profile matching, rendering highly similar profild- partial match does not provide useful information for

ficult to distinguish. In addition, in using thischnique,  €ither PCR-RFLP or T-RFLP.

there are often many DNA profiles that are not imadic

with known species, though these unmatched fumgi ca DNA sequencing

still be monitored for prevalence and abundance. DNA sequencing often begins with a PCR to provide

I warranted,. further information can be sought by sufficient template DNA for the sequencing reaction,
DNA sequenqng (seg_ be_Iow). PCR-RFLP has aISOthough this may also be achieved by cloning the
been used in identification of fungal pathogeps desired fragment into a plasmid or bacteriophage.
(Rolshausen et al. 2004), but the presence of praulti The sequencing reaction is very similar to a PCR,
fungal species in one sample can render the PCFPRFLthough only one primer is used per reaction and, in

profile very difficult to interpret. addition to the deoxynucleotides, di-deoxynucle-
otides (ddNTPs) are included in the reaction mix.
T-RFLP These ddNTPs are labelled with one of four fluores-
T-RFLP is a variant of PCR-RFLP that uses a flu- cent dyes corresponding to each of the four bases, A,
orescent primer and a sequencing gel to obtainG, C and T. When a ddNTP is incorporated into the
greater sensitivity and fragment size accuracy. How-newly synthesised molecule, growth of this chain
ever, only the fragment with the fluorescent primer stops as the ddNTP lacks the oxygen molecule to
registers on the sequencing gel, so the profile for eactwhich the next dNTP would be attached. The final
fungus/enzyme combination is a single fragment. product is therefore a series of fragments ranging in
This method has been used mainly in ectomycor-size from ~20 bp ta bp, wheren is the length of the
rhizal research (Dickie et al. 2002). Both PCR-RFLP PCR product used for template (Figure 7), each frag-
and T-RFLP require the establishment of a referencament having one fluorescently labelled, terminal
database of fragment sizes from identified fungi with ddNTP. Electrophoresis on a long, high-resolution

Figure 6. Agarose gel of PCR-RFLP products. Lanes 1, 15 and 30 contain DNA
size markers. These can be used to estimate the sizes of the PCR-RFLP
fragments. The patterns from known species can be stored as a string
of fragment sizes in a searchable database. Usually digestion with two
different enzymes will provide adequate discrimination among
species, though certain genera with many closely related species may
be more difficult.
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acrylamide gel or capillary separates DNA fragments sometimes with the assistance of phylogenetic aisaly
that differ in length by as little as one nucleotide. As (Bruns et al. 1998; Glen et al. 2002).
the fragments move past a scanner, shorter fragments This would identify target genera for expansion of
followed by fragments of increasing length, the fluo- the reference database. This method of identifinasi
rescent tag on the ddNTP OcallsO the base sequea@plicable to many areas of research, and is patig
(Figure 8), which is converted by the software to a suitable where there is a large number of candidate
string of As, Cs, Gs and Ts. species and it is known that not all species @frast

For fungal identification, a database of sequencesare included in the reference database. The ocwarre
from identified fungi is searched with the sequence of more than one fungal species in a sample, ssich a
from the unknown fungus. If a 100% match is not may occur in a well-rotted root, can cause probjems
found, information can be derived from the best per though, if warranted, cloning of the PCR product
centage match and a likely genus may be inferred before sequencing can accommodate these diffisultie

Figure 7. During a dye terminator sequencing reaction, a single primer is used to
initiate copies of one of the two strands of DNA template. Each copy is
terminated at a random point by the incorporation of a fluorescently
labelled dideoxy nucleotide (ddNTP). The products therefore consist of
single stranded DNA of varying length.
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Micro-arrays (Anderson et al. 2005). This technique is expensive
to develop but will be well suited to analyses

A promising new approach is the use of DNA requiring very high throughput.

micro-arrays for fungal identification. DNA micro-

arrays exploit probe/target binding in a similar . . .
manner to Southern or dot blotting, though the format Application to heart and root rot in

is much smaller and the support consists of a glass Acacia mangium

slide rather than a nylon or nitrocellulose membrane

(Southern 1996). Many probes can be crammed intaMany fungi are implicated in heart and root rots in
a very small area, making this method ideal for high A. mangium Currently, the most suitable method of
throughput or simultaneous analysis of many genesdetecting/identifying these fungi involves the use of
N hence the popularity of the micro-array in gene PCR and DNA sequencing, as species-specific
expression studies examining a large number ofprimers have been developed for only a few of the
genes (Ramsay 1998). This technique has been usemany root or butt rot species (Lim et al. 2005; Suhara
for identification of medically significant fungi et al. 2005). While many sequences of fungi of
(Leinberger et al. 2005) and work is proceeding oninterest, such as those®@&nodermaspp. andPhell-
developing the method for high throughput detection inusspp., are available on public DNA databases, not
and identification of plant pathogenic fungi many of them are linked to herbarium specimens that

Figure 8. The products of the dye terminator sequencing reaction are subjected to electrophoresis on a
high-resolution gel or capillary that passes a scanner attached to a computer. The shorter
fragments migrate faster through the gel and therefore reach the scanner first, followed by
the longer fragments. The scanner picks up the signal from each fluorescent nucleotide as it
passes, and this is converted by the computer to an electropherogram, above, and a DNA
base sequence. The electropherogram provides visual confirmation of data quality, allowing
manual editing of the derived sequence.
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Molecular identification of organisms associated
with root and heart rot in Acacia mangium

Morag Glenl, Karina Potterl.2and Purnamila Sulistyawat

Abstract

This paper discusses the application of molecular identification of fungi to research into heart and root rots of
Acacia mangiumusing four different examples. These examples illustrate the utility of DNA sequence
information in clarification of the ecology, biology and pathology of fungal species

An overview of different techniques for molecular databases. This may give identification only to genus
identification of fungi is given by another paper in or family level in some cases, but this level of infor-
these proceedings (Glen 2006). All of these tech-mation allows the selection of specific groups of
niques are based on linking an unknown organism tofungi for further analysis.

a well-characterised herbarium specimen by a similar The ribosomal DNA internal transcribed spacers
DNA profile. As a large number of fungal species are (rDNA ITS) is a genomic region that is widely used
implicated in heart and root rots, a technique that canp fungal systematics and identification (Figure 1).
simultaneously identify many species is more effi- |ts advantages lie in the highly conserved nature of
cient than species-specific probes or primers. In additpe ribosomal DNA genes, which means that primers
tion, as no comprehensive Qatapase of. root and heagtap, pe designed to amplify DNA from a broad range
rot fungi fromAcacia mangiunwilld. exists, tech- 4 gpecies and the high degree of variation in the non-
niques that require an exact match, such as PCRgqging region. As the spacers region does not code
RFLP and T-RFLP, will provide only limited infor- ¢, 5 finctional gene, there is little, if any, constraint
mation. on mutations in this region. There is, therefore, a

Th_z methofd”thatl 'Sf.”;OSt ILker_ tto efficiently useful degree of inter-specific variation that facili-
provige a usetulievel of information IS 10 SEqUENCE Ay q g species discrimination and identification. In

well-characterised region Of.DNA and compare this addition, the ribosomal DNA genes are contained in
to sequences of known fungi from public and private . .
tandem repeats, with up to 50 copies per genome.

This makes amplification by PCR much easier than
1 Ensis D the joint forces of CSIRO and Scion, Private Bag for a single-copy gene.

12, Hobart, Tasmania 7001, Australia. : ; : ;
Email: <morag.glen@ensisiv.coms>. DNA sequencing has been used to identify fungi

2 School of Agricultural Science, University of Tasmania, causihg disease ik. mangiumin four different _
Private Bag 12, Hobart, Tasmania 7001, Australia. experiments, as part of the ACIAR OHeartrots in

Email: <karina.potter@ensisjv.com>. plantation hardwoodsO project (FST/2000/123):

3 Ministry of Forestry FORDA, Centre for Plantation .
Forest Research and Development, Jalan Palaganl' Detection of Ganoderma and Amauroderma

Tentara Pelajar Km. 15, Purwobinangun ® Pakem, Mycelium in rotten root and butt samples from
Yogyakarta 55585, Indonesia. trees with and without associated fruitbodies.

Email: <milaby_0229@yahoo.com>. 2. Fungi isolated from a provenance wounding trial.
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Figure 1. A schematic representation of the organisation of the rRNA gene repeat
indicating the location of the internal transcribed spacers (ITS). B gives an
enlarged view of the circled section in A. Primer sites for DNA amplification
from a broad range of fungi are located in the 18S and 25S rRNA genes.

3. Direct detection of fungi in woodblocks from the the wounds were Bycnoporussp. and an unidenti-
same wounding trial. fied fungus, heart-rot isolate 3-2-Al. The third
4. |dentification of Ganoderma spp. isolates wound was left uninoculated. The 72 trees were

recovered from roots wused in somatic felled 11 months after inoculation and the wood was
incompatibility tests. assessed for fungal decay and discoloration. An
In the first experiment, samples of rotten roots an attempt was made to isolate fungi from three regions
butts of A. mangiuntrees that showed symptoms of around each of the three wounds per tree (Figure 3).
Ored root rotO were collected, along with frugtlsanfi Some 172 fungal isolates were obtained, but none of
Ganoderma philippii, Amauroderma rugosuamd the isolates recovered from the experiment corre-
other fungal species from sevefalmangiunplanta- ~ sponded morphologically to the isolates used in the
tions throughout Indonesia (Glen et al. 20@ano-  wound inoculation.
derma philippiiwas suspected to be the causal agent of The recovered isolates were sorted into 15 groups
this red root-rot disease, based on similaritieitease = based on gross morphological characteristics.
caused by this species in other woody crops and théenzyme production from these isolates was tested
prevalence o6. philippii fruitbodies in affected plan- using spot tests. Only one of the morphological
tations. The rDNA ITS was amplified and sequencedgroups appeared to produce easily detectable quanti-
from the fruitbodies. Fungal rDNA was also amptifie ties of laccase, indicating white-rot capabilities
from the root and butt samples using fungi-specific (group 7). Low levels of tyrosinase were also
primers to avoid the amplification of DNA from bac- detected in this group. The ITS of a sub-set of isolates
teria, insects or plants that may have been prestéie =~ (n = 20) were sequenced, focusing primarily on
sample. The PCR products amplified from the rot group 7. Results of BLAST searches of public data-
samples were clean enough to sequence directly, ind bases are given (Table 1). A sequence has not yet
cating that the samples were colonised by one prtedo been successfully obtained from either of the original
inant fungus. The sequences matched those fro@.the fungal isolations used to inoculate the wounds.
philippii fruitbodies (Figure 2). This indicated the pres-  The first three fungi in Table I0Oudemansiella
ence of the fungus in the rotten wood, though wasPycnoporusindTrameteyare likely to have a role in
insufficient evidence to prove that the rot wasseal  heart rot, as enzyme tests demonstrated the presence
by G. philippii. The roles of othefGanodermaand of laccase and tyrosinase. While all these isolates
Amaurodermaspecies also need further investigation. were placed in group 7 on the basis of their gross
In the second experiment, fungi were isolated asculture morphology and enzyme test results, they
part of a provenance wounding trial that took place inwere classified as three different basidiomycete fungi
Sumatra in 2002b2003 (Barry et al. 2006). Treesbased on their ITS sequences. TRgcnoporus
were inspected for signs of heart rot before holesisolate recovered from the wounding trial wood
were drilled at three heights and inoculum plugs block is likely to be the same fungus that was inocu-
inserted into two of the holes, which were then lated, as its sequence is a very high match to the fruit-
sealed. The two isolates of fungi used for inoculating body from which the original isolate was obtained.
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Figure 2. Maximum parsimony tree of ITS1 and ITS2 sequené®sn Ganoderma and
Amaurodermaspecies and sequences derived directly from wBodtstrap values over
50% are given. Scale bar represents 0.1 expecteldatide substitutions. Collections
from Acacia mangiunplantations are in bold; sequences amplified froot or butt
wood are marked with an asterisk. From Glen €2l06)
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The Pycnoporuswvas re-isolated from a wood block (Irianto et al. 2006)Ganoderma lucidursonsists of

sampled from within the rotten area, while ede-

a complex of at least three and possibly six species

mansiellawas isolated from a wood block taken from (Moncalvo et al. 1995a; Hseu et al. 1996).

adjacent to the rotten area in a different tree that had
also been inoculated with tHeycnoporusisolate.
The Trametessp. isolate is also a recognised wood
rotter and was recovered from within the rotten area
of a control wound. It is likely that th@udeman-
siella and Trametesisolates either invaded via the
treatment wound or were already present before the
inoculation. The remaining fungi are all ascomyc-
etes, and while some may be important in other dis-
eases, they do not have wood-rotting capabilities.

The woodblocks from the wounding trial were
stored to attempt direct detection of fungi. DNA was
extracted from a small number of these woodblocks,
but the PCR product was not clean enough to
sequence. The PCR products are currently being
cloned to obtain clean DNA sequences.

The final example involves the identification of
fungi isolated from roots and fruitbodies from an
A. mangiunprovenance/family trial that has suffered
severe root rot at Wonogiri. The purpose of the
experiment was to determine the main mode of dis-
persal of the predominant fungus. Magnoderma
fruitbodies occur on this site and have been identified
as species from th&anoderma luciduncomplex

Figure 3.

A diagram of the wood discs after
harvesting, the grey area represents the
rotten wood surrounding the wound. Wood
blocks were removed from three areas of
each disc N (1) from within the rotten
wood, (2) adjacent to the rotten wood, and
(3) away from the rotten section.

Table 1. Tentative identification of fungi isolated from the wounding trial

Isolatet Group Results of sequence database search
13A2-Y 7 Oudemansiella aff. canariensis

70A1 7 Pycnoporus aff. sanguinglagnabarensis
49C1 7 Trametessp.

53A1 1 Phaeoacremonium aff. rubrigenum
58A1 2 Articulosporasp.

16C1-Y 4 Ascomycete, unknown species

69B2 6 Pestalotiopsispp.

63C1 8 Phaeoacremonium aff. rubrigenum
69C1-X 8 Phaeoacremonium aff. rubrigenum
57B1-Y 8 Bionectriaspp.

37C1 8 ClonostachyiNectria gliocladioides
26A1-X 8 Clonostachy&ectria gliocladioides
1C1-X 13 Aspergillussp.

63A1-X Un-grouped Pestalotiopsispp.

69C1-Y Un-grouped Nectria gliocladioides/Clonostachgp.
67C1 Un-grouped Clonostachysp/Nectria gliocladioides

2 The number before the letter in the isolate number indicates the tree number. The letter within the isolate number indicates the wound
inoculum (A =Pycnoporussp., B = heart-rot isolate 3-2-A1 and C = control, sterile inoculum) and the number after the letter indicates
the location of the wood block sample (see Figure 3). The letter after the hyphen distinguishes individual isolates recovered from the

same wood block.
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Fungi were isolated from fruitbodies and from the Glen, M., Bougher, N.L., Nigg, S.Q., Lee, S.S., Irianto, R.,
roots of diseased trees. These isolates were then usedBarry, K.M. and Mohammed, C.L. 2006. Molecular
for somatic incompatibility tests to determine the differentiation ofGanodermandAmaurodermapecies
number and extent of genetic individuals. In order to  "d their role in root rot disease Atacia mangium
validate the test results, it was necessary to demon- plantations in Indonesia and Malaysia. Australasian Plant
strate that the isolates belong to the same species. ITS Pathology, in press.

. . ottleib, A.M., Ferrer, E. and Wright, J.E. 2000. rDNA
sequences of the isolates confirmed the morpholog- analyses as an aid to the taxonomy of species of

ical identification (Irianto et aR006) assanoderma GanodermaMycological Research 104, 1033D1045.
aff. Ium_durr_] Phy_logenetlf: analysis may allow us to Gottleib, AM. and Wright J.E. 1999. Taxonomy of
determine in which species group of thanoderma Ganodermafrom southern South America: subgenus
lucidumcomplex this species belongs. Elfvingia. Mycological Research 103, 128991298.

Identification ofGanodgrmaBpecies canlbe achal- Hseu, R.S., Wang, H.H., Wang, H.F. and Moncalvo, J.M.
lenge for even an experienced mycological taxono- 1996. Differentiation and grouping of tf@anoderma
mist (Moncalvo et al. 1995a,b; Gottlieb and Wright  lucidum complex by Random Amplified Polymorphic
1999; Gottlieb et al. 2000; Smith and Sivasitham- _DNA-PCR com_pared with grouping on the b_ass of
param 2000, 2003). DNA sequences can assist taxon- internal transcribed spacer sequences. Applied and
omists to infer species boundaries and inter-specific Environmental Microbiology, 62, 1354D1363.
relationships, and can also be used as a Ofingerprinf®nto. R.. Barry, K., Hidayati, N., Ito, S., Fiani, A,
or Obarcode® to identify fungal species in life stages lett_)a}wanttlj,A. a”? MOhtamTe?p’\C' 2006. Incidence and
that lack the characters on which traditional classifi- >Po & anaysis of root rot oncacla mangiumin

. . . Indonesia. Journal of Tropical Forest Science, 18, 87D95.
cation is based. This fingerprint can also be used by
S S . Moncalvo, J.M., Wang, H.F. and Hseu, R.S. 1995a. Gene
the non-specialist to assist in classification, but close

. . . - phylogeny of th&sanoderma lucidumomplex based on
co-operation with an experienced fungal taxonomist,  iposomal DNA sequences. Comparison with traditional

and retention of reference specimens, are still vital.  taxonomic characters. Mycological Research, 99, 14899

1499.
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