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In the Basidiomycotina, heterokaryotic mycelia are known to be able to heterokaryotize homokaryotic mycelia of the same species
(the 'Buller phenomenon'l. The present study examined the analogous process in Armillaria gallica in pairings of diploid and haploid
mycelia. Restriction fragment length polymorphisms (RFLPs) were used as genetic markers to follow genetic transmission in these
pairings. Hyphal tips were sampled predominantly from the area of the resident haploid in the pairings. In all cases, the
mitochondrial haplotype of each sample was that of the resident haploid. Three patterns of nuclear inheritance were observed. First
and most frequently, hypha! tips carried diploid nuclei, which apparently had replaced the haploid nuclei. Second, hyphal tips were
recombinant, carrying some, but not all, markers from both the diploid and the haploid nuclei. Third and least frequently, hyphal tips
retained all nuclear markers from both the diploid and haploid in uninucleate compartments, a condition consistent with triploidy.

Mating in the Basidiomycotina is not restricted to interactions
between haploid homokaryons. In 1930, A. H. Reginald Buller
found that a dikaryon is capable of contributing fertilizing
nuclei to a haploid monokaryon in Coprinus cinereus (published
as C. lagopus) resulting in a new dikaryon (Buller, 1930; Buller,
1931; Buller, 1941 a). This process was later termed the' Buller
phenomenon' by Quintanilha (1937). Subsequent work has
shown that such' di-mon' matings occur in other species of
Basidiomycotina. Because the mycelia of such species mayor
may not have strictly uni- and binucleate hyphal com
partments, however, we prefer the more general term of
heterokaryon-homokaryon, or 'he-ho', matings. Additional
observations of this process have been reported for Coprinus
cinereus (May, 1988), C. psychromorbidus (Traquair, 1987),
C. sphaerosporus (Dickson, 1934), Coriolus versicolor (Aylmore
& Todd, 1984), Echinodonhum tinetorium (Wilson, 1991),
Laccaria bicolor (Gardes, Wong & Fortin, 1990). Pleurohts
ostreatus (Vilgalys, Smith & Sun, 1993), Psilocybe coprophila
(Kimura, 1958; Raper, 1966), Schizophyllltnl commune (Ellingboe
& Raper, 1962 a; Ellingboe & Raper, 1962 b; Papazian, 1950),
Stereum hirsutztlll (Coates & Rayner, 1985), Typlzula idallOensis,
T. ishikariensis (BruehL Jacobs & Machtmes, 1983), and
T. incarnata (Cavelier, 1982). As in pairings of homokaryons,
mating types are an important consideration in he-ho pairings.
When one or both kinds of nuclei in the heterokaryon are
compatible with the nuclei of the homokaryon, termed a
'legitimate' pairing (Buller, 1941 b), heterokaryotization occurs
readily. He-ho matings occur in essentially the same manner
as matings of homokaryons. After hyphaI fusion, one or both
types of compatible nuclei in the heterokaryon migrate into
the mycelium of the recipient homokaryotic mate. Details of
this process in S. commune are provided by Nguyen &

Niederpruem (1984). In species with unifactorial mating
systems, at least one nuclear type in a heterokaryon is always
compatible with the nuclei in a homokaryon (e.g.
AI+A2 x AI). In species with bifactorial systems, it is
possible for neither of the two nuclear types of the
heterokaryon to be compatible with the nuclei in the
homokaryon (e.g. AI8 1 +A282 x AI82). In these 'illegiti
mate' pairings (Buller, 1941 b), heterokaryotization may still
occur, but only after a delay, during which compatible nuclei
may be generated by somatic recombination (Quintanilha,
1939; Raper, 1966). Additional examples of somatic re
combination in association with the Buller phenomenon have
been documented in Typhula incarnata (Cavelier, 1982),
Schizophyllum commune (Papazian, 1950; Crowe, 1960;
Ellingboe & Raper, 1962 b; Ellingboe, 1963; Shalev, Stamberg
& Simchen, 1972) and Stereum hirsutult! (Coates & Rayner,
1985). Even where both nuclear types of the heterokaryon are
compatible with the nuclei in the homokaryon, preferential
ingress of one of the nuclear types of the heterokaryon into
the homokaryon may be evident (Quintanilha, 1939; Ellingboe
& Raper, 1962a; Raper, 1966). Such preferential ingress has
been observed in Laccaria bicolor (Gardes, Wong & Fortin,
1990), Pleurohts ostrmtzts (Terekawa, 1957; Nguyen &

Niederpruem, 1984), Psilocybe coprophila (Kimura, 1958; Raper,
1966), Schizophyllum commune (Crowe, 1960; Ellingboe &
Raper, 1962 a), and Stereum hirsutum (Coates & Rayner, 1985).
In both legitimate and illegitimate pairings, other possible
modes of heterokaryotization are observed. In some cases,
both nuclear components of the heterokaryon migrate into the
homokaryon and replace the original resident nuclei. Examples
of such replacement have been reported in Coprinus Clnereus
(May, 1988), Schizophyllum commune (Papazian, 1950; Crowe,
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1960; Ellingboe, 1963; Shalev, Stamberg & Simchen, 1972)
and 51ereum hirsulum (Coates & Rayner, 1985). Some crosses
between homokaryons in 5tereum hirsutum and Coriolus
versicolor also show the pattern of nuclear replacement
(Aylmore & Todd, 1984; Rayner, 1991). Similar cases of
nuclear replacement have been reported in other fungi during
self-self anastomosis where, after fusion, the nucleus in the
donor cell divides and enters the recipient cell in which the
resident nucleus disintegrates; the genetic effect of his
self-self nuclear replacement is nil (Rayner, 1991).

Thus far, detailed studies of the Buller phenomenon have
examined interactions between heterokaryons and
homokaryons only. However, some fungi exist as diploids,
not as heterokaryons, raising the possibility that a diploid
might fertilize a haploid in a process analogous to the Buller
phenomenon. Not all fungi are capable of this type of
interaction. For example, a/a diploids of the yeast Sac
charomyces cerevisiae lack the ability to mate because the
requisite production of pheromones and pheromone receptors
needed for sexual mating is switched off (Herskowitz, 1988).
Mating in the anther smut fungus Uslilago violacea is governed
by a unifactorial system. Multiple mitotic recombination
events near the mating type locus result in the formation of
diploid derivatives homozygous for mating type. These
derivatives, named op-a!, op-a2, and op-c, are capable of
conjugation with haploid strains of opposite mating types, a
feature not present in diploids heterozygous for mating type
(a1/a2) (Castle & Day, 1980; Castle & Day, 1986). Such
diploid-haploid interactions are also documented among the
Hymenomycetes. The normally dikaryotic 5. commune can
occur as stable uninucleate diploids in strains which are
homozygous for the' dik' allele (Koltin & Raper, 1968) or
resulting fom a common B mating (Parag & Nachman, 1966).
When such' artificial' diploids are mated with haploid strains,
diploid +haploid (2n +n) dikaryons are formed in which the
diploid nuclear component is unstable and is eventually
reduced resulting in a mosaic of (n +n) dikaryons (Koltin &
Raper, 1968). Frankel & Ellingboe (1976) fruited the products
of diploid-haploid pairings of 5. commune and observed
segregation of all the parental diploid markers in the spores.
Coprinus cinereus, another normally dikaryotic hymenomycete,
is also capable of prodUcing stable diploid strains from
common-A heterokaryons (Casselton, 1965). As in 5. commune,
diploid-haploid pairings of C. cinereus produce (2n + n)
dikaryons in which the diploid nuclear component is unstable
(Casselton, 1965).

Unlike the majority of sexually outcrossing
hymenomycetes, the naturally occurring mycelium of most
Armillaria species is diplOid (Korhonen, 1980; Korhonen &
Hintikka, 1974; Ullrich & Anderson, 1978) and mating
between diploids and haploids of Armillaria does occur
(Anderson & Ullrich, 1982;. This process is accompanied by a
change in colony morphology from the fluffy haploid
mycelium to the depressed, often pigmented and crustose,
diploid mycelium. Here the equivalent of the illegitimate
he-ho interaction does not exist (Anderson & Ullrich, 1982),
so that any diploid is compatible with haplOids of each of the
four possible offspring mating types. Until recently nothing
was known about the genetic events associated with diploid-
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haploid mating in Armillaria. Studies of A. osloyae with
isoenzyme and RFLP markers suggest that, in some cases, the
diploid nuclei replace the haploid nuclei within the mycelium
of the recipient, while in other cases, binucleate hypha1
compartments containing all markers from both the diploid
and the haploid are formed (Rizzo & Harrington, 1992; Rizzo
& May, 1994).

In this study, we examined the genetic consequences of
fully compatible diploid x haploid interactions in A. gallica
Merxm. & Romagn. with polymorphic nuclear and mito
chondrial markers. Based on previous findings in other fungi,
a number of alternative hypotheses could be proposed to
explain the diploid-haploid interaction process in A. gallica.
First, as observed in A. ostoyae, diploid nuclei might simply
replace the haplOid nuclei within the cytoplasmic environment
of the recipient haploid. Second, the diploid nuclei and haploid
nuclei might contribute either equally or unequally to produce
recombinant nuclei. Third, all genes from the paired diploid
and haploid might coexist stably within the cytoplasm of
binucleate or uninucleate hyphal compartments.

MATERIALS AND METHODS

Strains

The haploid, single-basidiospore isolates (deSignated 445-3,
445-4,445-6 and 445-10) used in the diploid-haploid pairings
were derived from one fruit-body of the' clone l' genotype
of A. gallica described by Smith, Bruhn & Anderson (1992).
The diploid isolate (designated 522), which had no mating
type alleles in common with the haploids, was taken from the
cap tissue of a fruit-body of the' clone 2' genotype. Additional
single-basidiospore isolates (designated 427-1, 427-5, 427-6,
427-8 and 427-10) were obtained from another fruit body of
the clone 2 genotype in order to examine segregation of
RFLPs in the clone 2 genotype.

Pairings

Three replicates of four different diploid-haploid pamngs
were established by placing 2 mm cubes of agar and mycelium
approximately 1 em apart in the centre of a Petri dish
containing malt extract agar (MEA) (20 g Difco malt extract,
15 g agar 1-1 distilled water). The pairings were incubated at
room temperature (18-22 0c) in darkness for 48,64 and 445 d.
Eight explants of mycelium, four from the interface and four
from the outer edge, were taken from the haploid side of each
pairing. Also, three explants of mycelium, two from the
interface and one from the outer edge, were taken from the
diploid side of the pairings. Each explant was incubated on
solid MEA for 1-2 wk at room temperature. Single hyphal
tips were removed from each resulting colony with the aid of
a Zeiss dissecting microscope (50 x magnification) and a small
scalpel and transferred to MEA for a further incubation of
1-2 wk. An area of approximately 0'5 cm2 of the resulting
mycelium was fragmented with a sterile scalpel and transferred
to 30 ml of liquid complete yeast medium (CYM) (0'46 g
KH 2P04,1 g K2HP04, 0'5 g MgS04 , 7H20, 2 g yeast extract,
2 g peptone, 20 g glucose, 1-1 distilled water) in a Petri dish
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Table 1. Genetic markers from diploid and haploid strains, and hyphaI-tip derived cultures from diploid X haploid pairings
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Markers

Strains mtt JAI* HY3 MS2 HYI MSI MS18 HY9a HY9b HY9c HY9d HYge

522' 2 1/1 1/1 a/a 1/2 1/1 1/2 1/2 1/2 I/O I/O 1/0

445-3' 1 1 2 1 2 2 2 2 2 ° 1 1

1 1 1 0 1/2 1 1/2 1/2 1/2 1 1 1 (d)§

1 1 1 0 1/2 1 1/2 1/2 1/2 1 1 1 (d)

I 1 1 0 1/2 1 1/2 1/2 1/2 1 I 1 (d)

1 1 1 0 nd 1 nd nd/2 1/2 1 1 1 (d)

1 1 1 0 1/2 1 1/2 1/2 1/2 1 1 1 (d)

1 1 1 0 1/2 1 1/2 2 nd 1 1 1 (r)

I 1 1/2 1 1/2 1/2 1/2 1/2 1/2 1 1 1 (t)

445-4 1 2 2 1 2 2 2 2 1 0 1 0

1 1 1 0 1/2 1 1/2 1/2 1/2 1 1 1 (d)

nd 1/2 1/2 ° nd nd nd 1/2 1/2 1 1 °(r)
1 2 2 1 1/2 2 2 1/2 1 1 1 a (r)

1 2 2 1 2 2 2 1/2 nd 1 I o (r)

nd 1/2 1/2 1 1/2 nd 1/2 1/2 1/2 1 1 1 (t)

445-10 1 2 1 0 2 2 1 2 2 ° 1 1

1 1 1 0 1/2 1 1/2 1/2 1/2 1 1 1 (d)

1 1 1 0 1/2 1 1/2 1/2 1/2 1 1 1 (d)

I I 1 0 1/2 1 1/2 1/2 1/2 I 1 1 (d)

1 1 1 0 1/2 I 1/2 1/2 1/2 1 1 1 (d)

nd 2 1 0 1 nd 1 nd/2 1/2 1 I nd (r)

1 2 1 0 2 2 1 1/2 1/2 1 1 1 (r)

1 1 1 0 nd nd 1 2 nd ° 1 1 (r)

nd 2 1 0 1/2 nd 1 2 2 I 1 1 (r)

, The genotype of the diploid, strain no. 522, is listed at the top. For each pairing, genotypes of the hyphal-tip derived cultures are listed below the haploid
(nos 442-3, 442-4, and 442-10, respectively) and are not numbered.

t Mitochondrial haplotypes.
*Nuclear markers. RFLP markers were classified into alleles based on segregation data in single-spore isolates. Alternate alleles with visible bands showing

size polymorphisms were numbered 1 and 2. Alternate alleles characterized by visible versus non-visible bands were numbered 1 and 0 (0 = null allele). In
the case of null alleles, the phenotype of the hyphal tip progeny are shown since the null allele cannot be visualized. Missing data are indicated by nd.

§ Interpretation of genotype: d, diploid replacement; r, recombinant; t, all markers from haplOid and diploid present, consistent with triploidy.

and incubated at room temperature for 2 wk. These cultures
were harvested by filtration through Miracloth, rinsed with
distilled water, gently blotted on paper towels, and dried in a
Savant Speed Vac SC110.

DNA extractions

DNA extraction followed the protocol of Murray &
Thompson (1980) modified for a small scale. Approximately
90 mg of freeze-dried mycelium was reduced to a coarse
powder in a 1'5 ml polypropylene microcentrifuge tube by
10-15 strokes with a metal spatula to which 1 ml of DNA
extraction buffer was added. All centrifugation, including the
low-salt precipitation, was done in a Beckman Microfuge 11.

Restriction Fragment Length Polymorphisms (RFLPs)

The DNA samples were digested separately with feaR I and
BamH I (Gibco BRL) at 37° for 4 or more h. Each digest also
contained 2 IJg of RNAse. Gel electrophoresis was at 50
volts for 17 h on 0'8% agarose gels in TAE buffer. The
digested DNA was transferred onto nylon membrane
(Genescreen Plus, Dupont, Mississauga, Ontario) with
lOX SSC according to the manufacturer's protocol.

The entire mitochondrial DNA of an isolate of A. ostoyae
(Strain no. 430-1. Smith et ai., 1990), and seven anonymous

fragments of nuclear DNAs cloned in the plasmid pUC18
were used as probes. The seven nuclear sequences were
associated with RFLPs that were genetically unlinked in a
sample of 60 haploid offspring of the clone 1 diploid genotype
(unpublished data). Labelling of the probes with alpha [32 Pl
dCTP was performed using the BRL Nick Translation Kit
(Burlington, Ontario). Southern hybridization was done
overnight at 65° in an aqueous hybridization solution
suggested by the manufacturer of the nylon membrane
(Dupont, Mississauga, Ontario) with constant rotation in a
mini hybridization oven (InterSciences Inc). The sizes of each
of the fragments are given in Table 2. Autoradiography and
removal of labelled probes from the blots were done as
suggested by the manufacturer of the nylon membrane.

Microscopic analysis

Hyphal tip cultures were allowed to grow on sterilized
cellophane on 0'1 % MEA. A 0'5 cm2 area containing the edge
of the culture was cut out of the cellophane and mounted in
a 14 % (wIv) gelatin solution as described by Ullrich &
Anderson (1978). The hyphae were examined by phase
microscopy at 1000 x magnification on a Zeiss standard
microscope. For each culture, 30 hyphal compartments visible
along their entire length were scored for the number of nuclei
present.
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Table 2. Sizes in kilobase pairs of alleles listed

RESULTS

• Standard deviation and number of measurements made. Measurements

included more than one gel. Numbers are in parentheses.

illustrated in Fig. 1 as differences in the presence or absence of
feaR I fragments hybridizing to probe mt430-1(2). Each allele
of a nuclear locus corresponds to one or two restriction
fragments hybridizing to a given probe. Different fragments
defined as allelic never occurred together in haploid offspring
of clone 1 or clone 2, nor did they occur together in other
haploid isolates of A. gallim. In samples of diploids from
natural populations (unpublished), each of the codominant
alleles (numbered 1 and 2) occurred in heterozygous and both
expected homozygous genotypes. Alleles numbered 0 are
null; these loci were not examined in samples of wild
populations, but only in diploid isolates of clones 1 and 2 and
their haploid offspring. In the case of null alleles, the
phenotype of the hyphal tip progeny are shown. Since the null
allele cannot be visualized, it is impossible to distinguish if the
null allele is present or absent in certain circumstances. The size
classes of the alleles for each locus are listed in Table 2.

Of the 65 hyphal-tip derivatives examined, 20 from three
of the four pairings had genotypes different from those of the
original paired diploid and haploid strains (Table 1). Most of
the 20 derivatives were isolated close to the interaction zone
and all produced mycelium consisting solely of uninucleate
compartments. Since no somatic mutation has ever been
observed at any of the loci assayed in this study (unpublished
data), these hyphal-tip derivatives were interpreted as being
products of interactions between the diploid and haploids.
Although new genotypes were found in the diploid x haploid
pairings, no fragments of novel size were observed. Fur
thermore, each of the 20 hyphal tips had the same
mitochondrial DNA haplotype as the haploid parent (Fig. 1,

Table 1), showing that the changes in nuclear content were
not due to intrusive growth of the diploid mycelium into the
region occupied by the haploid without any genetic exchange,
but rather must have been brought about by hyphal
anastomosis and genetic exchange.

The genotypes of the hyphal-tip derivatives were consistent
with three types of events. In ten cases, all of the nuclear
alleles of the diploid and no nuclear alleles unique to the
haploid were present. This most common pattern of exchange
was consistent with the diploid nucleus migrating into the
haploid mycelium and replacing the resident haploid nucleus.
In eight cases, some nuclear markers from both the diploid and
haploid were retained and some nuclear markers from both
parents were lost, resulting in a recombinant nuclear type. In
two cases, no alleles were lost. Since these mycelia had only
uninucleate hyphal compartments, the result is consistent with
stable triploidy. Examples of RFLP marker inheritance of the
three types of interactions are illustrated in Fig. 2.

Of the four pairings examined, one (522 d x 445-6) failed
to show any genetic exchange even after 445 d. The pairings
552 d x 445-3 and 522 d x 445-4 showed all three types of
inheritance, while the pairing 522 d x 445-10 showed the
diploid replacement and the somatic recombination patterns.
Contingency table analysis indicated that the time allowed for
incubation of the haploid and diploid parents showed no
significant differential effect with respect to the types or
frequency of interactions observed and therefore the 48 d,
64 d and 445 d incubation periods were treated as replicate
trials of each pairing.

3"8 ± 0'09 (12)

7'9 ± 0'40 (10)

null
12-7±0'II (12)

5'9 ± 0'09 (8) and 5'4 ± 0'08 (8)
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Fig. 2. Nuclear RFLPs. From left to right, BmnH I fragments
hybridizing to probe pJAl of: the diploid mate, the haploid mate, and
hyphal-tip isolates from the pairing of strain no. 522d and 445-4.

The genotypes of the diploid, haploids, and hyphal tip
cultures from interactions are shown in Table 1. The two
mitochondrial DNA haplotypes encountered in this study are

Fig. 1. Mitochondrial DNA haplotypes. From left to right, EeaR I
fragments of mtDNA of: the diploid mate, the haploid mate, and
hyphal tips isolated from this pairing. Note that the mitochondrial
haplotypes of all hyphal tips examined in this study were identical to
that of the haploid mate.
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Of the 16 hyphal-tip derivatives from the diploid regions
of the four pairings, 11 showed the genotype of the original
diploid, three had the genotype of the original haploid and
two showed evidence of nuclear recombination while retaining
a mitochondrial type identical to the haploid. The latter five
cases indicate intrusive growth of the haploid into the region
occupied by the diploid.

DISCUSSION

The three patterns of exchange observed in this study were
not mutually exclusive; even within a single pairing, we
sometimes observed more than one kind of exchange. Others
(Rizzo & Harrington, 1992; Rizzo & May, 1994) have studied
the diploid x haploid pairings of another species, Armillaria
ostoyae, and observed only two patterns of genetic exchange,
one in which the haploid was replaced by the diploid nucleus,
exactly as observed here, and another in which binucleate
hyphaI compartments retained nuclear markers from both
parents. In this study of A. gallien, the hyphaI compartments
were uninucleate in the two cases where all markers were
retained. Another difference in results is that recombinants
were observed in the present, but not in the previous studies.

The differences in the numbers of nuclei per hyphal
compartment between the studies of Rizzo & Harrington
(1992) and Rizzo & May (1994) and ours might be attributable
to unknown genetic determinants that prevented or delayed
fusion between haploid and diploid nuclei in the pairings
examined by Rizzo & May (1994). Alternatively, the
differences might be attributable to the timing of sampling
relative to nuclear fusion. Rizzo & May (1994) sampled
diploid x haploid pairings after 1 month, whereas we sampled
after 2-15 months. Normally, in compatible matings of
haploids of A. ostoyae and A. gallien, transient dikaryons are
formed and then followed by nuclear fusion (Guillaumin,
Korhonen & Anderson, 1991; Korhonen, 1983). A more
extensive sampling of diploid x haploid pairings might well
detect uninucleate, triploid hyphal compartments in A. ostoYlle
and binucleate compartments in A. galLien.

A survey of the diploid side of the interactions indicated
that the haploid mycelia, including the haploid mtDNA type,
were able to grow for a limited extent within the area
occupied by the diploid mycelium. In interspecific matings, the
haploid mycelia are capable of overgrowing the diploid
mycelia (Siepmann, 1987). Since the mycelia described here
are of the same species and therefore capable of mating, it is
not surprising that intrusively growing haploid hyphae
interacted with diploid hyphae in the same manner as the
haploid and diploid hyphae on the haploid side.

What genetic mechanisms are consistent with the observed
patterns of marker transmission? In the most frequently
observed pattern, diploid nuclei replaced the haploid nuclei
within the cytoplasm of the haploid. This is most simply
explained as the immigration of diploid nuclei and elimination
of resident haploid nuclei without genetic exchange between
nuclei. The creation of a recombinant nucleus presumably
involves more complex events including nuclear fusion.
Diploid nuclei might first haploidize (or lose chromosomes)
and then fuse with resident haploid nuclei, in a manner
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reminiscent of the parasexual cycle of many fungi whereby
the nuclei of a heterokaryon fuse (diploidize) and then
haploidize via irregular mitotic divisions and aneuploidy
(Pontecorvo, 1956). In Armillaria, diploids have been shown
to haploidize when exposed to high concentrations of benomyl
(Anderson, 1983). However, in all recombinant nuclei observed
in this study, markers characteristic of the haploid parent were
lost along with some markers from the diploid, which could
happen only if a fusion nucleus produced in this way were
subject to further loss of chromosomes. A simpler possibility
is that the diploid and haploid nuclei first fuse to form a
triploid nucleus which would then either lose marker alleles or
not.

All markers used in this study were genetically unlinked
and therefore any observed recombination must be due to
events affecting the transmission either of whole chromosomes
or of segments of chromosomes. The two examples of
apparent triploidy are consistent with nuclear fusion between
the haploid and the diploid, with no loss of markers. The
probability of the alternative possibility, that all visible
markers were retained by chance in nuclei that were actually
diploid or aneuploid, is very low. Assuming that each allele
has equal chance of retention and loss, that at least one allele
must be retained at each locus. and that the transmission of
alleles at different loci is independent, this probability is less
than 0'01 for each of the two examples.

The most common form of interaction seen in this study,
diploid replacement following nuclear migration into an
offspring haploid, may enable the diploid to proliferate more
effectively than by intrusive growth. In some species, including
Armillaria, nuclear migration occurs at rates much higher than
that of hyphaIextension (Buller. 1930; Buller. 1931; Korhonen,
1983; Snider & Raper, 1958). Alternatively, as an already
established diploid nucleus migrates into a new cytoplasmic
background, a novel association between nuclear and
mitochondrial genotypes arises. Transmission of cytoplasmic
markers, mainly mtDNA, has been studied in matings of
several species of fungi. The end result of haploid x haploid
matings of Armillaria is the bidirectional transfer of nuclei
from donor to acceptor without the transfer of mitochondria
(Smith et al., 1990). The prevailing pattern among
hymenomycetes is that while nuclei migrate in pairings,
mitochondria do not (Hintz et al., 1988; May & Taylor, 1988;
Ainsworth et Ill., 1990, 1992; Smith et a/., 1990; Rayner, 1991).
However, this is not the only pattern of mitochondrial
inheritance seen in fungi. The yeast Saccharomyces cerevisiae
mates through the fusion of two haploid compatible cells. The
two parent mtDNA types. as well as recombinants, sort out
as homoplasmons after only a few cell generations (Birky,
1983). In unidirectional matings of homokaryotic mycelia of
Neurospora tetrasperma, nuclei from a donor strain migrated
into the mycelium of an acceptor strain. After 3 d, the
mitochondria of the acceptor strain replaced the mitochondria
of the donor strain throughout the entire colony (Lee &
Taylor, 1993).

Preferential nuclear selection of the kind observed in he-ho
matings cannot apply to diploid replacement and putatively
triploid patterns of genetic exchange where entire diploid
nuclei migrate into the resident haploid mycelium. The
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possibility of preferential retention of certain markers or
chromosomes in the case of the recombinant pattern of
inheritance, however, remains to be tested.

Another property of he--ho matings is that the constraints
on mating imposed by the two mating type factors can be
bypassed to some extent. Quintanilha's discovery of somatic
recombination in association with the Buller phenomenon was
based on the observation that in illegitimate matings, a
recombination event in the dikaryon would yield a compatible
nucleus which would then dikaryotize the resident
homokaryon (Raper, 1966). Similar observations were also
made in legitimate he--ho matings. In fact, the generation of
a third compatible nucleus via recombination appeared to be
a 'seemingly useless process' and yet Crowe (1960) showed
that somatic recombination in legitimate di-mon matings of
S. commune was fairly common. Crowe (1960) found evidence
for recombination between linked markers of the two nuclear
genomes of the dikaryon, and in one case for recombination
involving the monokaryon, indicating a close association of all
three nuclear types. Since Armillaria commonly produces
uninucleate hyphal compartments, there is already a close
association of two gametic haploid genomes and hence a
diploid is compatible with all haploids of the same species
without any recombination. The observation of uninucleate
putatively triploid nuclei indicates the potential for formation
of a close association of all three genomes which might be
the necessary prelude to somatic recombination in
diploid x haploid pairings.

Based on the present observations, we propose a model to
explain the nuclear behaviour of A. gallica in a diploid-haploid
interaction. Hyphal fusion and migration of intact diploid
nuclei into the haploid mycelium is an essential first step in the
diploid-haploid interaction. Once residing in a common
cytoplasm, the nuclei mayor may not fuse. If no fusion occurs,
then one of the nuclei is lost. If the haploid nucleus remains,
no sign of a genetic exchange is observed. If the diploid
nucleus remains, then the pattern of diploid replacement is
observed. If neither of the nuclei are lost, then binucleate
compartments (2n + n) would persist as was observed by
Rizzo & May (1994). If nuclear fusion does occur, then the
products could exist for some time as stable triploids; these
nuclei might then lose genetic material until a stable
recombinant type is established. A recombinant type may also
be established by haploidization of diploid nuclei prior to
fusion with resident haploid nuclei.
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