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A note on the polarity of Armillariella mellea
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Abstract. The external appearance of 120 single-spore isolates from a basidiocarp of
Armillariella mellea was characterized by abundant white raised aerial mycelium, and
differed markedly from that of the majority of a number of other isolates made from
rhizomorphs and basidiocarps collected in nature. These had dark crustose areas and were
generally without aerial mycelium. Both types of mycelia lacked clamp connections. Their
appearance did not change during two years’ cultivation. Crustose mycelia were obtained
by pairing single-spore isolates. The pairing reaction followed a tetrapolar pattern.

Both types of mycelia had only one nucleus in the terminal cells of the hyphae. In
older parts of the mycelium, especially in rhizomorphs, the number of nuclei per cell often
exceeded 10. In basidiocarps collected in nature, distinctly dicaryotic and clamped hyphae
were met with, especially at the bases of basidia.

Various explanations are suggested for the monocaryotic condition of the hyphal tips.
As hyphal tip isolations from crustose mycelia obtained by pairing single-spore isolates,
regularly gave only crustose mycelia, it is possible that the nuclei in the tips of the hyphae
area diploid.

Introduction
(Vahl) Karst. 1is

Raase 1966), but apparently no evidence of

known as a variable species both in the field
(Romacnest 1970) and in culture (GiBsoN
1961, RaaBe 1966). Its life cycle is considered
to be homothallic (Knep 1911), asexual or
homomictic (BurNerr 1956). Single-spore
isolates have been found to be very variable
in external characters (MacLean 1950,

their interaction or polarity has been reported
(Raper 1966). In connection with an investi-
gation of the pathogenicity of different
strains of Armillariella in Finland, the follow-
ing observations of evident polarity among
single-spore isolates of this species were made.

Material and methods

One hundred and twenty single-spore
isolates of Armillariella mellea were obtained
from a single basidiocarp growing in a Cory-
lus thicket on mull soil near a stump in Kar-
kalinniemi nature reserve, Karjalohja parish,
southwestern Finland. A spore deposit was
made immediately after the collection, on
October 10, 1969, on a sterile petri dish, and
stored at +5° C. In April 1970, spores were
spread thinly on the surface of 1 9o Difco
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malt extract agar, and allowed to germinate
for about 35 hr. A glass capillary was used
under a microscope to detach a piece of agar
with a single germinated spore, which was
then blown out of the capillary tube onto an
agar slant. The isolates obtained in this way
were kept on Hagem or 1 9% malt extractagar
slants in test tubes, and stored at +5° C
with transfers approximately twice a year.
The strains were crossed by inoculating two



strains at a distance of about 1 cm in 9-cm
petri dishes on 1 % Difco malt extract agar,
and by keeping them in the dark at room

temperature. The results were recorded 1—
1%, month after inoculation.

Results

Cultural characters of isolates made from
basidiocarps, rhizomorphs and wood coloniz-
ed by Armillariella. Seventy-five isolates were
obtained from basidiocarps and rhizomorphs
occurring in nature as well as from wood
colonized by this fungus, from different parts
of Finland. The cultural characters of these
isolates were rather heterogeneous, but in
general the aerial mycelium was totally lack-
ing and in older parts of the mycelium dark
brown crustose or laquerlike areas developed.
When they were cultivated on malt extract
agar., certain strains lacked crustose areas,
but the aerial mycelium was as a rule scanty.
The amount of rhizomorphs was very vari-
able; they were lacking in some strains and
in some others they were very abundant.
Luminiscence was distinct in young well-
aerated cultures. The appearance of the
cultures agrees fairly well with the descrip-
tion of Nosres (1948). The characters were
stable when they were kept on Hagem agar
for two years at +5° C.

Cultural characters of single-spore isolates.
Figs. 1 and 2 depict typical single-spore
isolates. The aerial mycelium is profuse,
young mycelia almost forming a hemisphere,
and the color is pale yellowish-brown to
whitish. Usually no brown crustose areas are
developed in the mycelium or there are only
small patches or lines covered by the aerial
mycelium. When the single-spore isolations
were made, occasional (a few per cent of the
total number) crustose isolates were obtained,
but they were disregarded, as it was not al-
ways possible to be completely certain that
only one spore was present. Rhizomorphs
were formed in many of the isolates, as in
the previous type, although they were per-
haps slightly fewer. Clamps were absent in
both types of mycelia. Young cultures had a
strong luminiscence. These mycelia were also
cultivated on Hagem agar at +5° C for two
years without any appreciable changes in
external appearance. So far neither mycelium
type has produced basidiocarps in our labo-
ratory. Similar mycelia have been reported

for Armullariella by NOBLES and
RaaBe (1966).

Crossing experiments. When single-spore
isolates from the same basidiocarp were
crossed by growing them together in the same
petri dish, in certain combinations the ex-
ternal appearance of the combined mycelium
changed drastically (Fig. 1.). The aerial
mycelium disappeared, except for a few red-
brown tufts, and large crustose areas develop-
ed. There were also numerous rhizomorphs,
and when their tips grew out of the substrate,
they produced similar crusts. This change in
the characters of the mycelium was constant
in certain combinations. Table 1 shows the
results of ca. 2000 crosses. The plus sign (+)
denotes the production of crustose mycelium,
the minus sign (—) the absence of change in
the external appearance of the joint mycel-
um. It is evident that the reaction follows
the normal tetrapolar pattern.

The appearance of the new crustose mycel-
ium varied within rather wide limits, and the
brown crustose areas were often quite small.
However, when the same strain was crossed
with numerous other strains, the change to
crustose mycelium was easily seen.

In certain crosses only one of the strains
produced crustose mycelium (Fig. 2), and
when these crosses were repeated, it was al-
ways the same strain which became crustose.
In addition, some unexplained interactions
occurred in certain combinations. When, for
example, strains 60 and 63 were grown toge-
ther, the rhizomorphs, which in both strains
were straight, became densely branched and
strongly curved in the mixed culture (Fig. 3).
This reaction, although constant, was seen in
only a few crosses, and did not follow the
tetrapolar pattern.

The number of nuclet per cell in different
types of mycelia. A few preliminary observat-
ions were made on the number of nuclei per
cell in different types of mycelia. Hyphae
were fixed in abs. alcohol- acetic acid- lactic
acid 6:1:1 or in Farmer’s fluid and colored
with Giemsa’s stain mainly according to

(1948)
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Fig. 1. Interaction of different monosporous isolates of Armillariella mellea. In certain com-
binations (arrow) the apperance of the joint mycelium regularly becomes dark brown and
crustose, with red-brown mycelial tufts, in others the mycelium remains whitish with profuse
aerial hyphae, as in the original monosporous mycelium. Crustose mycelia are formed on the
average in every fourth cross, in accordance with the tetrapolar pattern.




Fig. 2. Interaction of strains 24 and 21. Left: strain 24 grown alone, centre: 24 and 21
together, right: 21 alone. In both cases the appearance of strain 24 became crustose in mixed
culture.

Fig. 3. Interaction of strains 63 (left) and 60 (right). The rhizomorphs of each strain were
straight ad sparsely branched when it was grown alone, but densely branched in mixed cultures
(centre).
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Fig. 4. Uninucleate hyphal tip cells of a crustose mycelium of Armillariella mellea.

Fig. 5. Dicaryotic hyphae from subhymenium of Armillariella mellea.



Warp & Crurusek (1962). Different types
of mycelia proved to be similar in regard to
the number of nuclei per cell. Growing tips
at the margin of the mycelium had always
only one nucleus (Fig. 4). Older cells, 10—
20 cells inwards, showed an increased amount
of nuclei, up to 10—15, especially in the en-
larged cells of the rhizomorphs. The same
holds true for the large cells of the basidio-

carp, where numerous nuclei per cell were
met with. In addition, basidiocarps regularly
had hyphae, which, in contrast to the vegeta-
tive mycelium, had clamp connections, especi-
ally at the base of the basidia, and their cells
regularly had two paired nuclei (Fig. 5). The
presence of clamp connections in basidiocarps
has earlier been mentioned by SINGER (1962).

Discussion

The difference in external appearance be-
tween single-spore isolates and dicaryotic
mycelia of the same species is well known
and has been noted in different groups of
Hymenomycetes and Gasteromycetes. How-
ever, the uninuclear condition of the evidently
paired mycelium makes the nuclear cycle in
Armillariella rather problematic. Preliminary
observations suggest the following sequence
in this species: 1) a uninucleate spore forms
2) uninucleate, unclamped hyphae, with
abundant white aerial mycelium and without
crustose areas. Older cells are multinucleate
and rhizomorphs are present. Two of these
mycelia unite into 3) uninucleate, clampless
mycelium without aerial hyphae and with
brown crustose areas. Older cells are multi-
nucleate. This mycelium develops basidio-
carps, which have 4) binucleate hyphae with
clamp connections, and which produce
basidia and spores.

The uninucleate condition of the cells at
the tips of the hyphae of Armillariella has
been demonstrated several times since the
observations of Kniep in 1911 (BERLINER &
Durr 1965, Motra 1969). For this reason,
and in view of the lack of clamp connections,
the species has been regarded as homothallic
or homomictic (BurNerT 1956), or imper-
fectly known (Raper 1966). Unfortunately
the mycelia have not so far produced any
basidiocarps in our laboratory, and none of
the present observations can definitely be
connected with the formation of basidiocarps.
The results reported here evidently point to
some kind of interaction between monospor-
ous mycelia, because, without pairing the
normal crustose mycelia met with in nature
could not be obtained from single-spore
isolates in the laboratory.

Certain external influences, high carbon

dioxide concentrations for instance, cause the
normal crustose mycelium to change into
floccose aerial mycelium, but the present
differences seem to be constant.

The following points deserve consideration
in attempts to explain the aberrant mono-
nuclear state of Armallariella.

a) Nuclei can migrate, and there are strains
of Schizophyllum where the terminal cell is
uninucleate, and the other nucleus of the
dicaryon is located in an older part of the
hypha (Raper 1966). In order to check
whether this is possibly the case in Armilla-
riella isolations from hyphal tips were made
from crosses 12X 17 (crustose) and 11x45
(floccose), by inoculating them on malt
extract agar. About three weeks after the
inoculation, isolates of single tips of marginal
hyphae, consisting of several cells, were made
by the same method as the single-spore isolat-
ions. From the former cross, 65 mycelia were
obtained, all of which were crustose. From
the latter, 78 were obtained, most of which
were totally devoid of crustose areas, and a
few of which had small crustose patches,
though none were as typically crustose as the
former mycelia (Fig. 6). Although single
cells were not isolated, this result suggests
genetic differences between the growing
hyphal tips.

b) The clear tetrapolar pattern displayed
by the crossings makes it rather unlikely that
plasmatic factors are involved.

c) The paired mycelium may be diploid.
There are mutants in both Schizophyllum
(Parac & Nacuman 1966) and Coprinus
lagopus (CasseLToN 1965; see also Kovrtin,
StamBERG & LEmMkE 1972), in which the
vegetative mycelium is uninucleate and dip-
loid, although it seems that such forms are
not met with in nature. Among basidio-
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Fig. 6. Isolations from hyphal tips of a cross producing crustose mycelium (left) and a cross
where the mycelium continued to resemble that of single-spore isolates (right).

mycetes, Hemileia is reported to have a short
diploid vegetative phase (RAJENDREN 1967).
Unfortunately attempts to determine the
amount of DNA by the Feulgen staining
method were not successful.

It may be noted that there are some
similar species which are regarded as asexual
and which resemble Armillariella in having
clamp connections only at the bases of the
basidia.

More comprehensive investigations con-
cerning the nuclear cycle in Armillariella are
being carried out at our laboratory by Mr.
Karr KORHONEN.

The present experiments indicate that,
despite of the uninucleate condition of the
hyphal tips, there may be some kind of
exchange of genetic factors between single
spore isolates.
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