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ul ue technica) : Suwmmary
» Commonwealth The fungus associnted with S. noctilio F. in Australis is identified as A myloster-
tmission, and the e areolatwm (Fr.} Beidin. By using a pelystyrene fitm to prevent the breakup
red. F of the chains of arthrospores during staining, it was possible to demonstrate that
i i - N s
S the spores are homokarvotic though usually multinueleate. Viable homokeryons

were establisherd from arthrospores by using a tissue culture medium incarpornting

srowing cellus tissue of Pinws radicte. Homokaryons nnd heterokaryons of the
-0 Alnsworth and 8. noetili fungus were apposed i_n all possible CUﬂll?i!:lRtit)l\S 11gf1inst homukar‘\;'nn"—;
orig,} und heterckarvaus of A, cheilletii (Pers. ex Fr.) Boidin. <. laevigation (Fr.) Boidin,
ang A, arealation. the only known speeies of Amylosterenm. The S. noctilio fungus
was interfertile only with A, areolotum, as judged by preduction of anastomoses,
Host penotration clamped m}‘cr:liu{n. and f'erti.le fruit-lbmlies. Starch-gel electrophoresis shu\.\'ccl thut
N . the soluble proteins of the &, poetilio fungus corresponded more closely with those
of 4. areolatum than with those of . chailletii,

vres of Rhizoctonin

i Thanatephoruy

distribution aned I. Ix¥TRODUCTION

hasidinm speoi
species, . . . s . . . .
pecies The fungus associated with Sirex noctilio F. in Aupstralia was identified as a

in Thanatephoris : species of _dmylostereum Boidin by Talbot (1964), who studied fructifications which

were produced in culture. Stillwell {1960, 1062, 1066) reported that the fungus assoc-
bore isolutes and iated with S. juvencus L. and Urocerus spp. in Canada had been identified by Dr.
N ) M. I, Nobles, and is Stereum chailletii Fr. [ Amylosterenm chailletii (Pers. ex Fr.) Boidin].

o {Ew‘ﬁ:'d:'utx .. \ . . - A . [ ,
Férated King (1966) compared the Australian Sirex fungus with 4. chailletii, introducing

protein patterns obtained by starch-gel eléctrophoresis as a point of comparison in

of menohasidial
addition to the morphological characters used previously, and suggested that the

"t praticola ! §. noctilio fungus might be a strain of 4. chailletii, although differences were apparent

ctie enzyncs of ’ h(?th in the cultural ch’n-mct‘eris:ties and in the protein patierns of'ti}e two fungi. N.either

- Phytopatho oy i of the other two species of Amylosterenm [ 4. arenlatwm (Fr.) Boidin and 4. leevigatum
' i (Fr.) Boidin] was included in the comparison.

ton 38, 187-07. Amylostereian species are heterothallic (Boidin 1958). Both Taibot {1964) and

o King (1966) stressed the need for interfertility tests between the S. noctilio fungus and

e Jilamentosa. the known species of dmylosterennt, and pointed out that such tests could not be

performed uniil monosporous cultures could be obtained. However, it was difficult

mothallisin i
to grow the S. noctilio fungus beyond spore germination, so that further work on

ho—Furmation homokaryotization was regarded as a prerequisite for further taxonomic studies.

B Boidin {personal communication) finds 1t a problem to distinguish A. cheilletii

Ovton i y . . . . . . .
i soland and A. areolatiom by their fruit bodies, but states that these species are intersterile

and may bhe recognized in culture by the presence of arthrospores in A. areolatum

* Whajte Agricultural Research Institute, University of Adelaide, Glen Osmond, S.A. 5084,

Ausi, J. biol. Sei., 1960, 22, 00:3-14
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and their absence in A, rhailletii, Evidently the merphatogy of the fruit hady did not
identify the species to which the . noctilio fangus belongs. The presence of arthro-
spores in culture (Talbot, 10614) suggests that the 8. noctilio fungus is . areolutum . It is
unwise, however, to rely on a single character for

as the fungus associated with siricids in C
Ao chailletii. A more detailed study,

hefore aseribing either name to the

specific determination, particularly
anada has already been determined as
including interfersility tosts, was necessary
S. noctilio fangus in Australia.

1I. CULTURES axD Sovrces

Homokaryotic eultares of the three known species of . milostererm were abtsined from
Professor J, Boidin, University of Lyon, France {Table 1). Heterokarvons of ..
heen obtained previonsly from Dr, 3, K. Nobles, and one (Waite Tostitnte No, t54
these studies: it was derived from a froiting hody
Dikaryens of beth 4. areolatim and . fnerigatum were obigined by
compatible mating type, Only one diknrvotic isolate
most of this investigation, because
PH2, PH3, and FIi4) were obtaine

oV

chatlictii had
¥ was nser in
frem Algonguin Park, Ontario, Cnnada.
crassing homokarvans of
(P2} of the S. noctilio fungus was used in
it is the one from which the only viable homokarvans (PH],
d. Isolate P2 was obteincd from waud sroumd o recent Nir
iposition tunnel in g pine tree on the Pittwater Plantation near Hobart, Tas.

o
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SOUVRCES AND MATING TYPES 0F AMVLONTERED Y =P FiROM

FRANCE
. . Lyon Accession Homokarvon ,
Specins R . . Negrer
Numnber Type
=L areslation LY 4022 AlBi Fruit bedy on o conifor,
A2B2 le Boreon,  Alpes.
All? Maritimes=, Franee
A2B1
<AL challlefii . LY 4503 1 Fruit boly on Picey
2 abies, Alpes-Maritimes,
- France
LY 4522 1 On Abies alba, Bizanos,
2 Basses-Dyrences. Franee
A laevigatiem LY 1903 AlRBE Fruit  body on Juniperus
A2B2 communis, col do Brous,
AlB2 Peirn-Cava, Alpes-
A2B1 Maritimes, France

IT1. HOMOKARY OTIZATION OF THE 8. Nootinio Fusers

Three methods are available for separating the component monokaryons of a

single-spore isolation, mierosurgery, and the use of toxic

e been reviewed by Miles and Raper {1956):
in species whose spores contain caly one nucle

ar
can be used onl

¥ for species where clamp formation
here hyphae are sufliciently large for the
acticable. Toxic chemicals used for this work can be divided jnto
of action. Miles and Raper (1956) used cholie
hich have a specific effect on the dikaryon in disrupt-
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IDENTITY OF SIREN FUNGUS 907
ing normal elamp formation: the hook cell fails to fuse with the peg on the penulti-

mate ceil. but hoth continue growing, and sinee both hook cell and penultimate cell

are homokaryotic at this stage, two homokaryotic Lranches of different polarity are

formed. It is still necessary to separate these homolkaryons from one another, either

by maceration, or by isolasion of hyphal tips. The toxic chemieals (CuSO,, Zn30,,

ete.) used by Kerruish and DaCosta (1963) are perhaps preferable. since they seem to

select for enly one nucleus of the original pair. and thus massive isolations can be

made from the edge of a growing colony without recowrse to blending or micro-

manipulation.

Although the hasidiospores of the S. nortilio fungus are uninucleate {Talbot 1964)
and would be suitable for production of homokaryons, King (1966) was unable to
obtain growth beyond the germling stage despite persistent attempts using a wide
range of media. The cells of this fungus are too small for the microsurgical technigue
to he applicabie.

Arthrospores are much more readily available than basidiospores, and it was
suggested (Talbot, personal communieation) that attempts should be made to obtain
homokaryons from these spores. Thus it was necessary to investigate the nuclear
content and mode of formation of the arthrospores. to see if they eould be expected
to give rise to homokaryons,

The arthrospores avise by fragmentation of the aerial myeelium into long chains
of GO or more spores; clamp connections usually remain elearly visible. Each dikary-
otic cell can divide into about 10 arthrospores, cach containing 1-6 nuelei. Tf the first
stage of arthrospore formation is the laying down of a septum between the original
pair of nuelei, then the arthrospores must necessarily be homokaryotic; but if the
original nueclei divide before septation occurs. the daughter nuclei might inter-
mingle and the arthrospores could then be heterokaryotic. To decide which of these
alternatives oceurs it was necessafy to maintain the arthrospores in their chains
during the rigorous Giemsa-HCl procedure for staining nuclei. A method was devei-
oped using polystyrene filn; this is based on the method of Lingappa and Lockwood
(1963) for collecting fungal propagules from soils. A 29 solution of polystyrene was
prepared by dissolving 1 g of plastic Petri-cish chips in 50 ml benzene-toluene (2 : 1).
One drop of this solution was smeared evenly over one side of a microscope slide,
making sure that i6 overlapped the edges (this greatly heiped the film to stick to the
glass throughont the subsequent staining). When the film was almost dry (3-5 sec,
deteetable by the changing interference patterns) the slide was lowered on to the
aerial mycelium of the culture to he investigated, so that the mycelium stuck in the
drying film. The slide was then removed and set aside for at least 5 min to allow the
film to dry thoroughly. The slide, flm, and adhering mycelium were then taken through
the Giemsa-HC! staining procedure. As usual, the technigue had to be tailored to
suit the funvus concerned; in this casz the only critical details were time in and
temperature of the hot HCL TFive min (45 sec) at 60°C (42 deg() are the optimum
conditions, variations from which render the staining inadequate.

Arthrospores were found to contain 1-6 nuclei, and some dikaryotic cells were seen
in which a cross wall was being laid down between the two nuelei before any nuelear
division had occurred. However, this was observed only rarely. and could not be
considered as conclusive evidence that all arthrospores would be homokaryotic.
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Further evidence was obtained by markin
agar plate at 2-day intervals, so that it was possible to isolate ar
areas of colony whose age was aceurately known. These spores w
the nuclear content of 500 spores from each age group was recor

of spores containing any particular number of nuelei was c
was plotted to show how this percent

most spores, if not all, are initiaily wninucleate, and therefore must o homokaryotic.
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Initial attempts to ohéain viable homokaryons from arthrospores were as fruit-
less as previous attempts using hasidiospores. The spores germinated readil v, and gave
rise to a myecelivm devoeid of clamp connections, hut growsh ceased at an early stage,
hefore the colony became visible to the naked eye. Use of a wide range of hoth natural
and artificial media. ineluding supplementation with vitamins, failed to improve
growth. Incorporation of activated chareoal in the media. to remove growth inhibitors
which might have been present. improved growth for a short time, hut still failed to
vield any viable homaokarvons. Arthrospores placed on Cellophane overlying growing
dikaryotic cultures failed to germinate. Finally, a tissue eulture medium*
dispersed callus cells of Pinus radinta v
were eventualiy obtainec.

containing
as tried, and by its use four viable homokarvons
The factors involved in this suceessful germination have
ot yet been clucidated: but onee the homolkaryons had hecome established they

* This mediwm contained the minerals of Murashige and Skoog (1962)

cormnbined with
the arganic constituents of Harvey ([947) but with twice the 1

wormal kinetin eoncentration.
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grew quite satisfactorily, though slowly, on 2%, malt agar.

None of the toxie chemicals used by Kerruish and DaCosta (1063) was effective
with this fungus. Many other chemicals weve tried, including fungicides, phenols, and
antibioties; although some caused the fungus to produce abnormal hyphae, sometimes
with pseudoclamps, sometimes with simple septa, growth always reverted to the
dikaryotic type when transfers were made to non-toxie media.

Tor two reasons sodiwn taurocholate was not used to produce homokaryons for
this study. Firstly, a preliminary experiment indicated that clamp {ormation in the
S. noctilio fungus was not disrupted to the extent described by Miles and Raper {1936)
for some other fungi. Secondly, the major problem seems to lie in maintaining
homokaryons rather than obtaining them, and from this point of view the method
offers no advantages over arthrospore isolation which is technically simpler.

IV. AxastoMo0sis

The taxonomic value of anastomosis is uncertain, and must remain so until the
nature and extent of genetic control over the phenomenon is established. Bourchier
{1957) showed that environmental conditions such as temperature, and composition
and pH of the culture medium, may all affect the frequency of hyphal fusion. Thus,
as a species criterion, hyphal anastomosis is of value only in providing supplementary
information, and that only in cases where anastomosis does occur. Because of the
difficulty of obtaining homokaryons of the 8. noctilio fungus, and hecause of the simil-
arity between A. chailletii and 4. areolatum, it was decided to introduce anastomosis
as a supplementry criterion in this investigation.

Small inocula about 1 mm diameter were eut from the growing edges of colonies
on 2% malt agar, and were opposed about 2-5 nun apart in pairs on the undersides
of sterile coverslips which were placed on sterile cavity slides so that the inocula were
suspended in the cavity. The coverslips were sealed to the slides with sterile distilled
water which was introduced by capillary attraction, thus forming a humid chamber.
The siides were stacked in a large covered dish, kept moist, and incubated at 16-23°C.
Because of the short duration of each investigation, no problem was encounterec
with contamination. Each slide was examined ander the microseope daily, or more
frequently if anastomosis seemed imminent. This method of observing anastomoses
is thought to have several advantages over those where the fungus grows in a nutrient
mediwn: in the present method ¢he hyphae from opposing inocula are almost forced
into contact with one another because they grow predominantly in one plane over the
surface of the cover skip; the eells at points of contact are not directly in contact
with any growth medium, and so possible adverse effects of medium or pH may be
lessenedd: the fact that most hyphal contacts oceur on the underside of the coverslip
makes observation and photography of anastomosis relatively easy, and also simplifies
the task of tracing hyphae back to the parent inocula to confirm identity.

Homokaryons and heterokaryons of A. chailletii, A. areolatum, . leevigatum,
and the 8. noctilio fungus were paired in all possible combinations; each pairing was
repeated at least three times. Results were very clear: anastomesis was observed ab
least onee in every possible combination of the S. noctilio fungus with 4. areolatum;
anastomosis was not seen in any of the other pairings.
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V. DiRarvoTizaTion

It is generally agreed that the formation of a regularly el
the minimum evidence required for the unequivocal est
in those basidiomycetes which Possess ¢ 37,
Nobles 1043 MeKay 1939; Boidin and des Pomeys 1961). Whether this ol
myecelium is formed from two eompatible homokaryons, or from a bomekarvon and
@ heterokaryon is not important, for it has heen shown that the dikaryotization of 4
homokazyon hy a hetcz'r}kal'ynn—mtho Baller Phenomenon {Builer 1931
evidence of conspecificity as the formation of a heterokar
(Terra 1959; Boidin and des Pomeys 1061 :
The essential feature of either process is th
gate division, are bronght together in one

amped myeelinm s
ablishment of conspecificity
famps (Mounce and Macrae 1936, 1937, 1038 -

amped

—ix as good
von from two homokarvans
Nobles and Frew 1962, Raper 10663
at two compatible nuelei. eapable of conji-
cell. and manifest their presence by produc-
ing hyphae bearing claniped septa. Sometimes the myeelium formed mav bear only
sparse, often incomplete, clamps; but as it is uncertain what signifiance should he
given to this phenomenon, the essential criterion for conspecificity is the formation of
a stable, regularly clamped mycelium. If this mycelium is capable of procucing
fertile fruit bodies, this is further eorroborative evidence.

In this series of experiments, homokaryvons of A. chailletii, .|
Inevigatum, and the N, noctilio fangus were
eombinations

creofatium, A,
paired on 29 malt agar in all possible
isolations were made from the area where the t
case. Homokaryons were also paired with hete
cases isol

wo colonies met in each
rokaryons in all eombinations: in these
ations were made from points on the homokaryon colony furthest away from
the area of contact of the two colonies. taking the necessary precautions against
isolating from intrusive growth of the original dikaryon, Each pairing was repeatect at

least three times; cultures were examined daily, and iselations made from them at
irregular intervals:

. TanLe 2
RESULTS OF CROSSES BETWERN THE S. NOUUTILIG
FUNGUS AND . AREQLATI N
“ == True elamp formation.

= Spuagse, often
preudoclamp formation, -

= Nu elamp formation

Neonoctilio fungus
A
.

—
B2 PHi PHI PH3 PH4

AL areolatim

4922 dikarvon e <
4022 A 1B -~
4922 A2 = :
4322 A1B2 - * pe
4822 A2B¢t < B

No clamps or pseudoclamps were

seen in any of the pairings between members
of the three known species,

confirming this as a valid eriterion for sepa
species; neither were they seen in pairings of the S.
nor with A. luevigatum. However, cither clamps or pseudoelamps were found in almost
every cross between the &, noctilin fungus and

A. arealatum. The results of the last-
mentioned crosses are summarized in Talle 2, and are explieabie if one assumes an

ating the
noctilio fungus with 4. cheilleri
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mcompatibility factor genotype of AIB1--A2BY for the S. noclilio fungus isolate P2,
and if one assumes that all four homokaryons derived from it have the A1B1 nucleus.
The . areolutum dikaryon was formed by mating 4022 A1B2 with 4022 A2B1, which
explains the incompatibility of this dikaryon with any of the homokaryons. The
8. noctilio fungus homokaryons are wholly compatible with only the A2B2 strain
of 4. areoletum, while only the A2BI1 strain of 4. wreolatum contains factors which are
incompatible with both nuclel of the 8. noctilio fungus dikaryon.

V1. ISTERFERTILITY

Although tests for production of fertile fruit hodies are not generaliy included
in so-called “interfertility tests™, it ix clear that the greatest affinity between two
nuelet is indieated by thelr ability to wndergo karyogumy and then meiosis, as is
inherent in the production of basidia and basidiospores. One canno$ accept Macrae's
(1967) description of conjugate division as ““consummation’ of the relationship between
two individuals; it is simply evidence of dikarvotization. The true elimax of a close
relationship Js interfertility, which is characterized not by the production of clamp
connections, hut by the formation of fertile fruiting struetures. Interfertility is the
ultimate criterion of conspecificity over and above the eriterion of dikarvetization,
although the latter is always considered adequate.

Both Talbot (1964) and Boidin (personal eommunication) have indicated thas
a morphological comparison of the fruit hocies of o, chaiiletii, 4. areolatum, and the
S.onoctilio fungus would not yield sufficient information to enable the latter fungus to
e placed In either of these twa specles, firstly hecause of differences which occur with
age. and secondly because of the apparent similarity between d. chailletii and A.
wreclatum. Thus the present study was initiated not with the intention of examining
the fruit bodies in detail, but to ch‘scgver which isolates fruited most readily, and to
find out if the S. noctilio fungus ¥ 4. nreolatum crosses are fertile.

Tiie wood-block method for producing frait bodies (Tamblyn and DaCosta 1058)
has been nsed successfully in this laboratory for many years, and was the method
used precdominantly in this work. In this case only Pinus radinte sawdust was used in
the enviched sawduost medium, The sawdast medium was also used in deep erystallizing
dishes, initially with the intention of casing with soil after & fow weeks incubation,
hut this was later found to be unnecessary. Wond-bloek cultures and dish cultures
were inoculated with the 8. wertilio fungus, 4. arenlabiom, A, chailletit, and all those
crosses of A, wrenfation with the 8. noctilio fungues in which clamps ov pseudoclamps
had been observed. Homokaryvons were alse used to check the possibility that they
could {orm fruit bodies by themselves.

The results of this investigation were strikingly clear-cut. All cultures which
fraited did so both in the dishes and on the wood-blocks: the former method was
much more rapid than the latier (fructifications appearing within 8 weelts, as compared
with 16-20 weeks for the wood-block method) and was entirely satisfactory for this
experiment. Abundant fruiting structures were formed by the 4. areolatum dikaryon
and by all (S, noctilio fungus <4022 A2B2) dikaryons; these fruib bodies were essenti-
aily as deseribed by Talbot (194}, being composed of skeletal and clamped generative
hyphae, cystidia, and basidia bearing four basidiospeores each. An attempt was made
to abiain single-basidiospore cultures from a fruit body of the dikaryon (PH4 3 4922




912 I P. C. GAUT

A2B2) but the germination problem was again encountered; only one hasidiospore
grew into a viable macroscopic colony, and a back-cross proved this to be of the
parental A2B2 mating type. Fructifications were also produced by two of the dikaryons
bearing pseudoclamps, namely (PH3 % A1B2) and (PH23xA2B1): however, while
these fructifications appeared normal to the naked eye, they were found to be
microscopicaily abnormal: both coniained skeletal and generative hyphae and
abundant cystidia, but the hyphae bore simple septa and pseudoclamps as well as
apparently normal clamps, and in neither case were any basidia found. None of
the homockaryons fruited.

VII. ELECTROPHORESIS

As techniques have improved, protein separation and resclution have also
improved, and the electrophoretic patterns of enzymes and other proteins are rapidly
becoming useful as criteria in taxonomy, supplementary to the morphological eriteria
on which fungal taxonomy is largely based. The value of protein patterns in fungal
taxonomy has heen recently discussed (Clare, Flentje, and Atkinson 1068), and a novel
method of expressing differences between the patterns of different isolates has been
presented (Whitney, Vaughan, and Heale 1088).

fa} {b}
A 8 < ,
— " m_‘ ¢
i /I
]
: "J. Fig. 2.~{a} Protein patterans in
' stareh gel after electrophoresis
B at pH $+35. A, Admylostereum
hd ! chailletzi: B, 8. noctilio fungus:

C, A, areolatum. F, Anadic
front. 0, Origin. (&) Relation-
ship berween the three fungi sas
expressed by the methaod of
Whitney, Vaughen, and

| Heale (1968).
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Tt was considered desirable £o use this technique in this study because King
(1966) suggested that the 8. noctilio fungus might be a strain of A. chailletiz on the
basis of similarities between the protein patterns of the two fungi. Culture, extraction,
electrophoresis, and staining for proteins were performed as deseribed by Clare, Flentje,
and Atkinson {1968} with the following exceptions: cultures were grown in a 2%,
solution of Difeo malé extract, and were harvested after 6 days; optimum pH for all
buffers was found to be 9-5.
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Diagrammatic scale drawings of the protein patterns of 4. areolatum, 4. chailletii,
and the . nectilio fungus are shown in Figure 2{a). A total of 20 bands was visible in
the S. noctilio fungus extract, 19 in 4. areolatum, and 16 in A. chailletii. The protein
pattern of the S. noctilio fungus is not identical with that of the particular isolate
of A, areoletum used, but 14 of the bands correspond; on the other hand, the S.
noctilio fungus shows only 7 bands in common with A. chailletii. Figure 2(b) shows
these results as interpreted by the method of Whitney, Vaughan, and Heale (1968),
and indicates that the S. noefilio fungus is much closer to A. aveolatum than to A.
cheilletii. As all the other tests deseribed in this paper have shown that the S. noctilio
fangus is 4. areclatum, the slight differences which are apparent between the electro-
phoretic protein patterns should be regarded as expressions of the normal range of
intraspecific vartation within A. arealation.
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