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The Blsexuahty of Individual Strains of Coprinus
~ Rostrupianus.

BY

DOROTHY E. NEWTON, M.Sc. (MCGILL).
With Plate VI and seventeen Figures in the Text.

" I. INTRODUCTION.

N 1918 Mlle Bensaude, employing .experimental and cytological
methods, proved conclusxvely that the phenomenon- of heterothallism

. occurs in the Hymenomycetes (1). She isolated two monosporous mycelia of

Coprinus fimetarius and found that they remained in the haploid (primary)
condition during eight months of continuous cultivation, without any sign of

fruiting, but that when they were paired they united and produced a diploid |

- (secondary) clamp-bearing mycelium which fruited readily. In 1919 Kniep

showed by experiment that Schzzophyllum commune is heterothallic, and
stated that many other Hymenomycetes also exhibit this sexual condi-

tion (11).. Further discoveries of heterothallism in Hymenomycetes have -

been made: by Kniep, working with Alenrodiscus polygonius (12); by
Miss Mounce, working with Coprinus lagopus and C. niveus (15,16); by
Vandendries, working with Collybia velutipes, Hyplzoloma Sasciculare,

- Panacolus campanulatus, P. separatus (= Anellaria separata), P. fimicola,
- and Coprinus radians (18, 19, 20) ; and by Brunswik working with sixteen
| species of the genus Coprinus (8).

In papers published in 1921 and 1902, Miss Mounce ﬁrst definitely

established that the phenomenon of homothallism occurs in the Hymenomy-

cetes (15, 16). She made monosporous cultures of Coprinus sterquilinus

- and of C. stercorarius and found that the mycelia soon developed clamp-
- connexions and subsequently produced perfect fruit-bodies. ~ She succeeded

* in growing C. sterquilinus in pure monosporous cultures for seven successive

o generations. In unpublished work, reported by Buller (5), she also found

- that C. narcoticus is homothallic. Confirmation of ‘homothallism, as found

{Annals of Botany, Vol. XL. No. CLVII January, 1926.]
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by Miss Mounce, has been obtained in the Winnipeg laboratory: for
C. sterquilinus by Hanna and the writer, working independently ; and for
C. stercorarius by the writer.! The species of Coprinus determined by

Brunswik as being homothallic are : C. sterquilinus, C. stevcorarius, C. nav- - .

coticus, and C. ephemeroides (3).

" Individual sexual strains of Sclizophyllum commune and Aleurodiscus
polygonius have each been shown by Kniep to possess four sexually different
kinds of spores (12,13). In order to explain his results, Kniep assumed
that in these strains sex is determined by two allelomorphic pairs of factors
which are present in the fusion nucleus of the basidium and which, during
the two subsequent nuclear divisions, become segregated in accordance with
Mendelian principles. If these pairs of factors are represented by the
symbols (Aa) and (Bb), then the fusion nucleus of the basidium must have
the genetic constitution (AaBb). During reduction and division of the
fusion nucleus, the sex factors become segregated, with the result that, :
finally, there are formed four sexually different kinds of spores: (AB), (ab),
(Ab), and (aB). Only those spores without a common factor unite sexually
in the mycelial stage. Thus, monosporous mycelia bearing the factors (AB)
and (ab), when paired, unite sexually to form a diploid clamp-bearing

mycelium ; whereas monosporous mycelia bearing the factors (AB) and (@B) - - -

are not able to do this because (B) is a common factor and two like sex
factors repel one another. Similarly, while mycelia bearing the factors (Ab)

and (aB) can unite sexually, mycelia bearing the factors (AB) and (AD)

cannot. .

Kniep observed that, under certain abnormal culture conditions, }
each basidium of Aleurodiscus polygomius shoots away its four spores in
a single mass (12). He isolated thirty-five of these spore-masses, and shook

the four spores of each mass apart in a flask containing nutrient agar. : '

Subsequently, the four mycelia produced from the four spores were removed
from the flask, grown separately, and then mated in all possible ways. As :
a result, Kniep found that each basidium of Alewrodiscus polygonius bears
two pairs of spores, one pair of one sex, and the other pair of another and
opposite sex. He also found that the basidia of a single sexual strain were .
of two kinds, one kind bearing spores (AB), (AB), (ab), and (ab), and the other
bearing spores (Ab), (Ab), (aB), and (aB). Kniep concluded from these
results that the reduction of the chromosomes takes place in 4. polygonins |
in the firs¢ division of the fusion nucleus, and not in the second.?

Hanna (8), working with Coprinus lagopus, found that the spores from |

any individual fruit-body belong to four sexually different groups, and thus s T

1 This confirmation has not previously been announced. ) I’
% Since this paragraph was written Professor Kniep has informed Professor Buller #z Z#f, that, :

since the publication of his paper, he has found a few spore-masses which included spores of all four

sexes : (AB), (ab), (Ab), (aB). -
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resemble those found by Kniep in Schizophyllum commune and Alewrodiscus
polygonins. However, Hanna’s basidial analyses show that, while some
basidia bear spores of two sexes only, a pair of one sex and a pair of another

" and opposite sex, other basidia bear spores of all four sexes: (AB), (ab),

* (Ab), and (aB). The occurrence of four sexually different kinds of spores
~ on a single basidium in Coprinus lagopus is regarded by Hanna as proving
'~ that the reduction process in the basidium in this species takes place in the
' second division of the nucleus, and. not in the first.
Funke (6) isolated the four spores of individual basidia of Hypkoloma
fasczmlzzre H. capnoides, and Collybia velutipes and determined their sex,
| with results similar to those obtained by Hanna. Like Hanna, from the
fact that some of the basidia had produced spores of four different kinds, he
concluded that reduction takes place during the second division of the
basidial nucleus and not during the first. '

In view of the fact that homothallic and heterothallic quadrisexual
species had already been found in Coprinus, it seemed not unlikely that this
genus might also include heterothallic bisexual species. Such a species the
writer has had the good fortune to find in Coprinus Rostrupianus. While
the investigations here recorded were in progress, Vandendries (20) and
Brunswik (3) announced that they also had discovered bisexual species of
Coprinus. '

Experiments made by Kniep, Vandendries, Brunswik, Hanna, and the
writer indicate that every species of Hymenomycetes is made up of many
different sexual strains which are perfectly fertile inter se (vide infra).
Thus Hanna (8) found six interfertile geographical strains of Coprinus
lagopus. While each of these strains was quadrisexual, the six strains
collectively represented twenty-four different sexes. _In this paper, when
a species is spoken of as &isexual or gquadrisexual, it must be understood
that these terms have reference to the sexual condition of each of the

i individual strains of which the species is composed and not to all the strains

taken collect1vely When all the sexual strains are considered together,

each species of Coprinus, &c., must be regarded as multisexual.

In his most recent paper Vandendries (21) records that a large per-
centage of the monosporous mycelia of his bisexual species, Coprinus
radians, in the course of six months, changed spontaneously from the
haploid to the diploid condition, in consequence of which he now regards

C. radians not as heterothallic but as JAetero-homothallic. As will be seen '

from a series of observations given at the end of this paper, C. Rostrupianus
behaves in exactly the same manner as C.7adians; for, in the course of
some months, a large percentage of the haploid mycelia change spon-
taneously into diploid mycelia. However, since actual tests made at
intervals showed that each of twenty-six monosporous mycelia of (. Ros-
trupianus retained its unisexual character for the first nine weeks of its




with the naked eye in expanding pilei bridging adjacent gills as described
. by Buller for C. atramentarius (5). The spores were densely black, spade- -

"and hitherto' it has not been recorded for North America.  Hence we may.
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existence, the individual strains of the fungus have been regarded as :

strictly bisexual during this period. -
Coprinus Rostrupianus is a large-spored sclerotium- ploducmg species: -

On November 14, 1923, in a meadow at the Manitoba Agricultural College, : - -

Winnipeg, a number of large irregular blackish sclerotia (cf. P1. VI, Figs. 1 ©

and 2) were found by Professor A. H. R. Buller embedded in an old cow- -

dung plat. They were brought to the laboratory, where, in a moist chamber, .

in the course of about two weeks, they began to produce fruit-bodies (P1. VI, !

Figs. 3 and 4). Each fruit-body took about ten days to develop to maturity. :

.The scales on the pileus were white and made up of slender septate hyphae,

the individual cells of which were often branched. The cystidia were
cylindrical and very long—up to o-3 mm. in length—and they could beseen : -

like in general appearance, having three dimensions (Text-fig. 1, @, &, ¢),
the length in dry spore-deposits (PL. VI, Fig. 5) being 14-16 p. and the |
breadth 11:5-13 p, and provided. with an unusually prominent black
apiculus. In October, 1924, Professor Buller found the fungus again, once
more in a meadow at the Manitoba Agricultural College and a second time
at Kenora, Ontario, about 100 miles east of Winnipeg. '
Coprinus Rostrupianus was first described in 1897 by E..Chr. Hansen,
who found it.in Denmark coming up on cow-dung (9). The fruit-bodies
always originated from a sclerotium, and the sclerotia were larger and more
irregular than those of C. séercorarius. Hansen illustrated his paper with
sketches of the spores, the pilear covering, &c.; but, unfortunately, he did
not give a drawing of the whole fruit-body. However, from his description,
there was no difficulty in identifying the fungus found at Winnipeg as
Coprinus Rostrupianus. Lange (14), in his monograph of the genus
Coprinus (1915), includes C. Rostrupianus ; but, as he could not find any
sclerotia ,attached to the fruit-bodies, his identification seems doubtful.!
C. Rostrupianus is not mentioned by Ricken (17) in * Die Blitterpilze’ (1915),

conclude that C. Rostrupianus is a somewhat rare fungus or, at least, one
that is easily overlooked by mycologists. ,

A preliminary announcement of some of the chief results of this paper
has been made by Buller (4).

II. METHODS.

Spore-deposits from each fruit-body were collected separately on dry
sterilized glass slides (Pl. VI, Fig. 5). The slides bearing spore-deposits

‘-1 In laboratory cultures, without exception, it was observed that fruit-bodies of C. Rostrupianus
never developed directly on ordinary mycelium, but always from sclerotia.
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taken from a single fruit-body were wrapped together in white writing-

~ paper and labelled with the number of the fruit-body and the date on which

the spores were shed,  Thus the wrapped slides were stored free from danger
of contamination by spores from other fruit-bodies.
The spores were isolated and sown by the dry-needle method (7), and

. dung-agar was used as the medium for germination. In preparation for

removing a new spore from a dry spore-deposit, the sewing needle was
never heated in a flame, but was always run through clean linen. The surface
of the slide or cover-glass which receives the spore-deposit should be flamed
to remove any organic film which, if present, may make it difficult or even
impossible to- pick up the spores. These details were not mentioned by

- Hanna (7).

The germination of fresh spores taken from deposits made in the spring
of 1923 varied from 6o to 8o per cent., while that of spores taken from

. deposits made in November, 1924, and tested in lots of fifteen to twenty

| spores, showed 100 per cent. germination. After spores had been stored for

' a month or longer, their power of germination was found to have consider-
ably decreased. -Some germinating spores are shown in Text-figs. 2+6.

The four spores of single basidia were obtained for isolation by what
may be called the coverglass-contact ‘method (4, 8), which will now be
described. A fruit-body about to undergo autodigestion is removed from

‘_ ‘the culture-dish in which it is growing, and one of its gills is cut away and
- laid flat on a glass slide. A cover-glass, held with forceps, is then lowered

until it touches the hymenium lightly, whereupon it is raised, inverted, and
examined under the microscope. In certain places on the cover-glass the
spores can be seen adhering by their apices in groups of four (PL VI, Fig. 6).
The spatial arrangement of each tetrad is exactly like that of the four
spores. on a basidium when the hymenium is examined microscopically from
above, so that there can be no doubt that each tetrad has actually been
derived from the four spores of a single basidium. By means of the dry-
needle method (7) the spores surrounding a well-defined spore-tetrad are
first removed, and then the four spores are picked up one by one and sown
separately in the culture medium.

The dung-agar used as the culture medium was prepared as follows:
About 300 grm. of fresh horse-dung were stirfed up with 1,000¢.c. water. The

f mixture was boiled for fifteen minutes, and then filtered twice through

cotton-wool. Water equivalent to that lost through boiling and filtering

 was then added, agar at the rate of 1-2 per cent. was stirred in, and the

whole boiled again until all the agar had melted. The medium was then"

filtered through cotton-wool, tubed, and sterilized for one hour at fifteen
pounds pressure.

AR A




TEXT-FIGS. 1-10. Coprinus Rostrupianus. X 470,
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III. CRITERIA OF SEX.

Hans Kniep (10) and Mlle Bensaude (1), working independently, dis-
covered that in a 4aploid mycelium in which the nuclei occur singly and
separated from one another, often one in each cell, the septa are always
simple and never accompanied by clamp-connexions ; but that in a diploid
myecelium in which the nuclei occur in pairs and divide conjugately clamp-
connexions are present. Thus the presence of clamp-~connexions is an out-
ward and visible sign that the mycelium of.-which they form a part is in the
diploid and not in the haploid condition. This criterion of sex, i.e. the

‘presence ot absence of clamp-connexions, was the chief one employed in

determining the nature of the sexual reaction when two mycelia of Coprinus
Rostrupianus were mated. A haploid mycelium of C. Rostrupianus with
simple septa is shown in Text-fig. 7, and a diploid mycelium with the septa
accompanied by clamp-connexions in Text-figs. 13-16. '

A haploid mycelium of Coprinus Rostrupianus bears numerous oidia
at the surface of the culture medium (Text-figs. 8-12), whereas a diploid
mycelium never bears any. Hence, macroscopically, a haploid mycelium
has a somewhat floury appearance, whereas a diploid has not. Moreover,
a haploid mycelium sends out its lateral branches at a greater angle than

TEXT-FIGS. 1-16. Coprinus Rostrupianus. x 470.

TEXT-FIG. I. Ripe spores viewed: «, from in front or from behind ; 4, from the side; and
¢, from the top.

TEXT-FIG. 2. A spore germinating in dung-extract @ an irregular vesicle has grown out from the
germ-pore.
=" TexT-Fics. 3, 4, and 5. Spores germinating in dung-extract, showing the production of germ-
tubes from the vesicles at the germ-pores. .

TEXT-FIG. 6. A spore, germinating in dung-extract, which has produced a haploid or primary
mycelium which is as yet unicellular. :

TEXT-FIG. 7. A branch of a haploid mycelium developed in dung-agar, showing simple septa
and lateral hyphae growing outwards from the leading hypha at various angles.

TEXT-FIGS. 8-12. These show the production of aerial chains of oidia on haploid hyphae
submerged in dung-agar. ’

TEXT-FIG. 8. A haploid hypha with an oidiophore bearing three hyphae which are developing
into chains of oidia. ‘ :

TEXT-FIG. g. A haploid hypha with two oidiophores, one bearing a single chain of oidia, the
other bearing two chains. h

TEXT-FIG. I0. An irregularly thickened terminal haploid hypha bearing numerous simple
or branched oidiophores, each continued into a chain of oidia.

TEXT-FIG. 11.. Several isolated oidia and one chain of oidia which became separated from the
parent mycelium on the addition of water.

TEXT-FIG. 12. A diagram of a vertical section through dung-agar showing a submerged

haploid hypha with three oidiophores which have grown towards the surface of the medium. The.

basal oidiophore bears a single chain of aerial oidia and the central one two chains of oidia (one
branched), while the apical one is about to produce oidia,

TEXT-FIGS. 13-16, Hyphae of a diploid or secondary mycelium developed on dung-agar, show-
ing septa with clamp-connexions. The two clamp-connexions in Fig. 13 are seen from above, those
in Figs. 14, 15, and 16 from the side. In Fig. 15 there is a plain septum as well as one with

a clamp-connexion... The lateral hyphae shown in Figs. 13 and 15 make an acute angle with the

parent hyphae. In Fig. 13 the two terminal hyphae, as indicated by the broken lines, have been
slightly shortened.
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a diploid mycelium (cf. Text-figs. 7 and 13). Thus the presence or absence -
of oidia and the nature of the branching form two further criteria for dis-
tinguishing between haploxd and diploid mycelia ; but, in the present investi-
gation, the criterion finally relied upon for determmmg sex was always the + - -
presence or absence of clamp-connexions. :
Both haploid myecelia of monosporous origin and diploid mycelia of
polysporous  origin' were grown on horse-dung in pure cultures, and it was
found that both haploid and diploid mycelia gave rise to sclerotia (for dip- -
loid sclerotia véde Pl. VI, Figs.1 and, 2). However,'when the sclerotia were °
set out in damp sand, only those of diploid origin gave rise to perfect fruit-
, bodies (Pl VI, Figs. 3 and 4), whereas those of haploid origin either grew out
SRR into the sand in the form of a thick mycelium or produced rudimentary
IEEE fruit-bodies only. "It therefore appears that in Coprinus Rostrupianus the
production of spore-bearing fruit-bodies is limited to those sclerotia which
arise from a diploid mycelium. - Mlle Bensaude (1) used the criterion of
fruiting in the determination of the sexual reactions of C. fimetarius, but
this criterion could not' be convemently applied in the present investigation,
owing to the fact that the mycelium of C. Rostrupianus first forms sclerotia,
and the sclerotia usually require a period of rest of some weeks or months
before they germinate.

IV. EXPERIMENTAL RESULTS.

By employing the methods described, the four spores from each -of
a number of basidia of fruit-body No. 1 were transferred to dung-agar for
germination. All four spores of one basidium germinated perfectly, three of
another basidium, and two of each of two other basidia. All possible cross- . :
ings of these eleven mycelia were made on dung-agar plates in the manner
described by Hanna for Coprinus lagopus (8). The plates were examined
six days after the pairings had been made. When two myecelia of like sexual
reactions happened to be paired on a plate, the compound mycelium resulting
remained in the haploid condition ; whereas, when two mycelia of opposite
- sex happened to be paired, the compound mycelium resulting became
diploid and could easily be distinguished from a haploid mycelium by
the presence of clamp-connexions. Before examining the hyphae for clamp-
_connexions microscopically, the plates-were always viewed macroscopically,
- and then; as a rule, the haploid mycelia could be distinguished by the
-presence or absence of the floury oidia at the surface of the agar. )
. In quadrisexual Hymenomycetes, e. g. in Sckizophyllum commune (13),
Aleurodiscus polygonius (12), Coprinus lagopus (8), C. niveus (3, 16), C.
micaceus and C. picaceus (3), investigated by others, as well as in Collybia
velutipes and Coprinus curtus studied by the writer before the present
investigation was undertaken, when all possible pairings are made between
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. ten or more monosporous mycelia of an individual sexual strain, the mycelia
- fall into four sexual groups, the mycelia of any one group giving a positive
. reaction with only one of the three other groups. When the plates con-
- taining all possible crossings of the eleven monosporous mycelia of Coprinus
. Rostrupianus came to be éxamined, it was found that the mycelia fell into
- two groups only and not into four. It therefore seemed possible that the
strains of C. Rostrupianus are bisexual and not quadrisexual. Of the four
spores of one basidium, two were of one sex and the other two were of
another and opposite sex ; of the three spores of another basidium, two were -
of one sex and one of another -and opposite sex. The remaining spores
were all of one and the same sex. Of the eleven spores which had
.| developed mycelia eight were of one sex and three of another and oppo-
4 site sex. , _ ,
It seemed possible that the occurrence of only two sexually different :
kinds of monosporous mycelia in the experiments just described might have -
- been due to the fact that, while the species was in reality quadrisexual, the -
eleven mycelia chosen might have belonged by chance to only two of the
four possible sexual groups. A new set of experiments was therefore :
undertaken. Twelve spores derived from six different basidia germinated,
and the resulting mycelia were then crossed in all possible ways. The
- results of the crossings are embodied in Table I. A (—) sign denotes that
. the two mycelia placed together in the Petri dish remained in the haploid
condition and therefore did not give a positive sexual reaction, while a (+)
sign denotes that the two mycelia developed a diploid, clamp-bearing
mycelium, and therefore reacted positively towards one another.

It will be seen from this table that the twelve mycelia, as in the pre-
vious experiment, fall into only two groups, mycelia Nos. 1, 2,6, 8, 10, 11,
and 12 being of one sex, and mycelia Nos. 3, 4, 5, 7, and g being of another
and opposite sex. The chances that with twelve monosporous mycelia only
two sexual groups should be represented out of a possible four seemed very
slight, and the evidence therefore pointed to each individual fruit-body of
Coprinus Rostrupianus as being bisexual. However, as no clear-cut case of
bisexuality in the Hymenomycetes had previously been recorded,! it seemed
advisable to extend the investigation with a view to substituting a certainty
for a probability. ~Therefore, in the autumn of 1924, more extensive experi-
mental work was undertaken, ' '

By means of the coverglass-contact and dry-needle methods already
described, all the spores from fourteen different basidia of fruit-bodies Nos.
3 and 4 were sown separately in the culture medium. All the fifty-six
spores germinated. o ~

1 Vandendries (18), in 1923, had reported * bipolarity’ in Panaceolus separatus and P. cam-
panulatus, but his tables contained so many exceptions, or ¢ hermaphrodites > as he called them, that
his experiments did not prove conclusively that bisexuality occurs in the Hymenomycetes,

I
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~and the other pair of another and opposite sex, as shown in Table II, which
is representative of the behaviour of all fourteen sets of spores. The

TABLE III.

All Possible Pzzz'rifzgs of Twenty-eight Monos_ﬁomzzs Mycelia devived from
: Seven Different Basidia of Fruit-body No. 4.
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numbers I, 2, 3, and 4 are merely arbitrary numbers used to designate the
four mycelia before the pairings were made. As shown in the table,
spores Nos. I and 4 belong to one sexual group, and spores Nos 2 and 3 to
another and opposite sexual group.
In order to determine whether or not the two sexes represented by the
Iz
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two pairs of spores of any one basidium are identical with the two sexes
reptesented by the two pairs of spores of any other basidium, all possible

3
§
I

crossings between twenty-eight spores derived from seven basidia of fruit- ;

body No. 4 were made. The results are embodied in Table III.

As shown in the table, the four mycelia derived from any one of the .

seven basidia behaved sexually in exactly the same manner as the four
mycelia derived from any of the other six basidia. The results embodied

in Table III therefore justify us in concluding that in a fruit-body of .

Coprinus Rostrupiaius: (1) there are only two sexes, 50 per cent. of the
spores being of one sex and 50 per cent. of the other and opposite sex ; (2)

-every basidium bears two spores of one sex and two spores of the other and

opposite sex ; and (3) the hymenium bears only one sexual type of basidium.

As the work recorded here was nearing completion, the occurrence of
Coprinus species the strains of which are bisexual was announced by both
Vandendries and Brunswik. Thus these two investigators and the writer,
working independently, all discovered bisexual Coprini simultaneously.

Vandendries (20),in a paper in ¢ La Cellule’, showed that each strain of
Coprinus radians* sexually has only two kinds of spores. His conclusions
were based on two sets of experiments in which he made all possible cross-
ings: (1) between twenty-three monosporous mycelia derived from one
fruit-body, and (2) between twenty-five monosporous mycelia derived from
another fruit-body. In the first set of experiments the spores without
exception proved to be of only two sexes. In the second set twenty-four
out of twenty-five spores also proved to be of only two sexes, but a twenty-
fifth spore reacted positively with all the other spores, thus being anomalous
in its sexual behaviour.

Vandendries, in his work on Coprinus radians, did not analyse the

sexual reactions of the four spores of individual basidia ; but it seems very
probable that, had he done so, he would have obtained results similar to
those recorded here for C. Rostrupianus, i. e. he would have found that each
basidium bears two spores of one sex and two of another and opposite sex.

Vandendries, as already mentioned, met with an exceptional spore in
his second set of experiments. He states that the spore was derived from
the same fruit-body as the other twenty-four spores, but he admits that it
behaved sexually as though it had come from another fruit-body belonging
to a different sexual strain. In the experiments recorded in Table IIT with
twenty-eight spores derived from the basidia of a single fruit-body of

Coprinus Rostrupianus there was not onme single exception, so that the |

evidence for bisexuality is even more satisfactory for C. Rostrupianus than
for C. rvadians. . v ce ,
The sexual reactions of Coprinus comatus, C. curtus, C. deliquescens,-C.

1 Coprinus radians is a synonym for C. domesticus. Vide A. H. R. Buller, Researches on
Fangi, vol. iii, pp. 41-2, 1924. -
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ephemerus, €. radians, and C. velaris, as determined by Brunswik (8), are
similar. to those of C. 7adians as determined by Vandendries, and to those of
C. Rostrupianus as determined by the writer. However, for none of these
species.has Brunswik so far given us individual basidial analyses such as
those of Tables II and ITI. Brunswik’s theoretical conceptions differ from
those of Kniep in that he explains the reactions between paired mycelia as
due to. the presence or absence of sterility factors rather than of sex
factors.

Segregation of the sex factors in the basidia of Coprinus Rostrupianus
results, as we have seen, in the production of two sexually different kinds of

TABLE IV.

All Possible Paivings of Four Monosporous Mycelia devived from the Four
Spores of a Single Basidium, with a Mendelian Interpretation of ihe
Results.
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spores or haploid genotypes. Just as Kniep for Schizophyllum commune
and Hanna for Coprinus lagopus have assumed that quadrisexuality may be
explained on the assumption that #zwo pairs of Mendelian factors are involved
in the determination of sex, (Aa) and (Bb), both being present in the fusion
nucleus of the basidium, so we may perhaps explain the bisexuality of
C. Rostrupianus by supposing that sex in each strain of this species is
determined by the presence, not of two, but of ozne pair of Mendelian factors,

which we may call (Aa). On this assumption, when segregation of the sex
factors takes place during the two divisions of the fus1on nucleus, each spore
will come to carry one or other of the factors (Aa), but not both. For twenty-
one basidia altogether it has been found that.each basidium bears two
spores of one sex and two of another and opposite sex. This is exactly
what we should expect on our assumption. When segregation of sex
factors takes place in a basidium, two spores should come to carry the (A)
factor and two the (a) factor. If now we rewrite Table II, assigning the

- symbols (A) and (a) to spores of opposite sex, it will have the appearance

shown in Table IV.
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. It is impossible to determine without the use of cytological methods,
whether the reduction process in the basidium takes place with the first
division of the fusion nucleus or with the second ; for in either case, as

shown below, there would be produced two spores of one sex and two spores
of the other and opposite sex.

——Fusion nucleus.

—First division with reduction,
—Second division.

—Fusion nucleus.

—First division.

TEXT-FIG. 17. Two possible modes of reduction in the basidium of Coprinus Rostrupianus.

- Basidial dimorphism, or the presence of long and short basidia, as
pointed out by Buller (5), occurs in many species of Coprinus; and it is also
characteristic of C. Rostrupianus. It seemed possible that, when spore-
tetrads were being removed from the hymenium of the fungus by means of
the coverglass-contact method, the cover-glass might have touched the long
basidia only. In order to find out whether or not the spores of the short
basidia behave sexually like those of the long basidia, a general spore-
deposit was obtamed to which both long and short basidia had contributed :
a slide was set under a mature fruit- body and a thin dry spore-deposit was
collected. Nine of the spores were then sown separately in the culture
medium, and the nine mycelia which resulted were. then crossed with one
another in all poss1b1e ways. The results of the crossings are embodied in
Table V.

It will be observed from an inspection of the table that, from their re-
actions, mycelia Nos. 1, 2, 6, 8, and g are of one sex, and Nos. 3, 4, 5,and 7 -
are of another and opposite sex. If now we rearrange Table V so as to
place like mycelia together and assign to each of the two groups of mycelia
Mendelian symbols, we obtain Table VI.

An inspection of Table VI shows still more clearly than that of

Table V that the nine myecelia fall into two opposite groups, those myecelia - e

of like sex when paired remaining in the haploid condition, and those of
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TABLE V.

Al Possible Pairings of Nine Monosporous Mycelia derived from Nine
Stores collected from a General Spore-deposit.
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unlike sex when paired yielding a diploid clamp-bearing myCelium.
Furthermore, the Mendelian interpretation, which here involves the assump-
tion that mycelia which are sexually alike repel one another, while mycelia
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of unlike sexes attract one another or react positively, fits the reactions con-
tained in the table; for it is clear that (A) fails to mate with (A), and (a)
with (a), while (A) and (a) always give positive results. Since, doubtless
owing to the method of obtaining the spores, some of the mycelia were
derived from the spores of long basidia and other mycelia from the spores
of short basidia, we may conclude that the dimorphism of the basidia is in
no way linked with sexual phenomena, i. e. that both long and short basidia
bear spores of two sexes and of two sexes only.

Vandendries (19) collected spores from the wild fruit-bodies of Panacolus
campanulatus and P. separatus and analysed their sexual reactions. He
found that while any individual strain of 2. campanulatus and P. separatus
was in general ¢ bipolar’, i.e. bisexual, there were numerous exceptions to
this rule, a number of spores being ‘ hermaphrodite’, i. e. reacting positively
with both sexual groups. However, when he analysed the sexual reactions
of spores derived from first-generation fruit-bodies reared in the laboratory
from two spores of opposite sex, he found that the spores showed distinct
sexual ‘bipolarity’ with few exceptions. Vandendries collected spores
from wild fruit-bodies of Coprinus radians ; but in this species, as we have
seen, there was only one exception to the rule of bisexuality. Basing his
views on these results, Vandendries offered the suggestion that, in wild
fruit-bodies, the two sexes are not strictly segregated from one another
(*dans une sporée sauvage les sexes ne sont pas rigoureusement opposés’).
He supposed that, in nature, fruit-bodies often arise from mycelia derived
from many diploid mycelia, each mycelium owing its origin to the union of

- two haploid myecelia produced by two spores of opposite sex; and he
believed that this accounts for the irregularity of his experimental results
with the two species of Panaecolus. On the other hand, to account for the
almost uniform ‘bipolarity ’ with spores obtained from wild fruit-bodies of
Coprinus radians, he supposed that these wild fruit-bodies happened each to
have been derived from a single pair of spores (20). ,

Having observed that a considerable percentage of the monosporous
mycelia of Coprinus radians in course of time pass spontaneously from the
haploid to the diploid (clamp-bearing) condition, Vandendries has recently
expressed the view that each of the wild fruit-bodies, to which reference has
just been made, may have been derived not from two spores of opposite sex |
but from a single spore (21). : ‘

Against Vandendries’s theory that wild fruit-bodies are derived from |
many diploid mycelia various arguments may be adduced. Firstly,
Brefeld (?) has shown that a fruit-body of Coprinus stercorarius or C. lagopus
arises from a single hypha bearing clamp-connexions, and that, having had
this origin, the fruit-body develops to maturity. Brefeld’s observations on
C. stercorarins have been confirmed by the writer. There is every - reason
to suppose that all Coprinus fruit- bodies spring from a single diploid hypha,
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© and that what happens in Petri dishes in the laboratory also happens in

nature. Secondly, Hanna analysed the sexual reactions of spores of
Coprinus lagopus (a species with quadrisexual strains) collected from six wild

- fruit-bodies derived from six geographically different places, and found that
. the spores in each case fell into four groups with perfect regularity (8).

Had any one of these fruit-bodies been derived from several diploid mycelia,
the chances are that the mycelia contributing to the formation of the fruit-
body might well have belonged to two or more sexual strains (which are
perfectly fertile snzer se), and this would have been revealed by the increase
in the number of positive reactions when the monosporous mycelia obtained
from the spores of the wild fruit-body were crossed. Since there was no
such increase in positive results, the evidence points to each of Hanna’s six
wild fruit-bodies having had a bisporous origin. Thirdly, two of the fruit-
bodies of Coprinus Rostrupianus used for the present investigation were
derived from sclerotia grown from mycelia which were produced from a
mixture of many spores of two perfectly interfertile sexual strains sown
thickly together in the laboratory. An analysis of the sexual reactions of
the spores derived from each of the two fruit-bodies showed that the spores
of each fruit-body fell into sexually opposite groups without exception. If
we represent the two sex factors of one strain as (A) and (a), and the two
sex factors of the other strain as (A!) and (a!), then the possible unions
would be as follows: (Aa), (AAY), (Aal), (Ala), (Alal),(aal). A compound
mycelium composed of two or more of these six diploid mycelia would

contain three or four of the factors (A), (a), (Al), (al); so that, if a com- -

pound mycelium of the type indicated were to enter into the composition of

. a single fruit-body, that fruit-body would bear spores of three or four

different kinds ; and, on making the crosses, the sexes of the spores would
fall not into two groups but into three or four. Thus our three arguments
all point to the conclusion that a wild or cultivated fruit-body of any species
of Coprinus, Panacolus, &c.,is derived from a single diploid mycelium
which owes its origin to the union of only two haploid mycelia which have
been developed from two spores of opposite sex.

It has been shown by Kniep for Schizophylium commune (12), Van-
dendries for Panacolus campanulatus (19) and Coprinus vadians (20), Hanna
for Coprinus lagopus (8), and Brunswik for Coprinus comatus, C. picaceus,
C. niveus, C. lagopus, C. fimetarius and C. Friesii (3) that in each of these
species there are different sexual strains. Thus in a quadrisexual species,
e. g. Schizophyllum commaune, and Coprznus lagopus; in each strain there are
four sexually different kinds of spores, yet the four kinds of spores of one
strain differ in their sexual constitution from the four kinds of any other
strain, with the result that any spore of one sexual strain is perfectly fertile
with any spore of any other sexual strain. Brunswik reports the finding of
twenty-seven such. perfectly interfertile strains in Coprinus fimetarius (3).
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Coprinus Rostrupianus was found to resemble the Hymenomycetes just
mentioned in possessing sexual strains which znfer se are perfectly fertile,any °
spore of one strain producing a diploid clamp-bearing mycelium with any
spore of another strain. Eight monosporous mycelia derived from one wild
fruit-body were crossed with eight other monosporous mycelia derived. from
a second wild fruit-body. As shown by the results embodied in Table VII -:

TABLE VII.

All Possible Paivings between Eight Monosporous Mycelia of a Fruz’l—bad)qu fé
One Sexual Strain and Eight Monosporous Mycelia of a Fruit-body of
Amnother Sexual Strain.
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complete interfertility resulted. If (A) and (a) be used as symbols for the
spores of opposite sex of one of the two fruit-bodies, then we may use the
symbols (A') and (a!) for the spores of opposite sex of the other fruit-body,
as shown in the table, where it has been arbitrarily assumed that in one
fruit-body the spores 1—4 were of one sex and 5-8 of the other sex, and
that in the other fruit-body the spores I IV .were of one sex and V-VIII of
the other sex. '
. As an illustration of the danger of drawmg false conclusions when

these are based on an insufficient number of observations, an experiment

may be mentioned in which ten monosporous mycelia of one fruit-body
were crossed in all possible ways, with the result shown in Table VIIL. It
will be seen that in no case did clamp connexions develop, showing that all
ten spores were of one sex. .

Now the chances that ten spores picked successively at random from
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a deposit of equal numbers of spores of two sexes shall all be of the same
sex is,according to the law of probability, 1 : 1,024 ; and it seemed possible
that the fruit-body from which the spores had been derived might have

1 originated from a sclerotium produced by the mycelium of a single spore, in
which case, as would be expected from the previous experience of Kniep (11)
' and Hanna (8), all the spores of the fruit-body should be of one sex. But

TABLE VIIL

"All Possible Paivings of Ten Monosporous Mycelia derived
from Ten Spores of a Single Fruit-body.
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that the fruit-body was not of monosporous origin and did actually have
spores of two different sexes was shown by sowing many of the spores
together and obtaining therefrom a diploid clamp-bearing mycelium.
Evidently, therefore, the selection of ten spores of one sex was a remarkable
chance occurrence. : :
About October 15 twenty-eight spores derived from seven basidia were
successfully germinated. In the third week of October the four mycelia
resulting from the four spores of each basidium were crossed in all possible
ways. Towards the end of October the plates were examined for clamp-
connexions, and it was found that each basidium had borne two spores of
one sex and two of another and opposite sex (Table III). It was clear that
all the twenty-eight mycelia were unisexual. In order to find out whether
or not this unisexuality would be retained by the myceha indefinitely, on
November 3 the mycelia were transferred from the agar plates to sterilized
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* cod
quart jars half filled with horse-dung and plugged with cotton-wool. On
December 17, i. e. eight weeks after the spores had been sown, pieces of the :
twenty-eight mycelia were transferred to as many agar plates. About

December 24 all the plates were examined with-the microscope. Two of - "

the mycelia showed no growth. The other twenty-six mycelia all proved
to be devoid of clamp-connexions. Therefore these twenty-six mycelia had
retained their unisexual character for about nine weeks.

On December 1% transfers of the twenty-eight mycelia were made not -
only to agar plates, as recorded above, but alsoto sterilized pint jars half
filled with dung and plugged with cotton-wool. As some of the mycelia
failed to grow, a few second inoculations were made. Finally twenty-six of
the mycelia grew well, while two failed to develop. On January 21 the
twenty-six mycelia were transferred from the dung to as many agar plates.
About February 7 all the plates were examined with the microscope. It
was now found that while twenty-one of the mycelia were still unisexual,
the other five mycelia exhibited clamp-connexions, thereby showing that
they had passed from the unisexual (haploid) condition to the bisexual
(diploid) condition. Thus between the ninth and the sixteenth week of
their existence five mycelia had changed spontaneously from the hap101d to
the diploid condition.

On January 31 transfers of the twenty-six mycelia were made not only
to agar plates, as recorded above, but also to sterilized quart jars half filled
with dung and plugged with cotton-wool. Two of the mycelia did not
grow : on February 7 one of these had been found to be haploid and the
other diploid. On March 28 the twenty-four living mycelia -were trans-

- ferred from the dung to as many agar plates. About April 4 all the plates

were examined with the microscope. It was found that the four mycelia
which had become diploid by February 7 still continued to be diploid, and
that of the other twenty mycelia which on February 7 had all been haploid
nine had now become diploid, the total now being: eleven haploid and
thirteen diploid. Thus between the sixteenth and the twenty-fourth week
of their existence, nine mycelia had changed spontaneously from. the hap101d
to the diploid condition. :
Summarizing the series of observations just recorded, we. have clear
evidence that, in the course of six months, of twenty-five monosporous
mycelia continuously cultivated eleven mycelia retained their haploid con-
dition, while fourteen mycelia, or 56 per cent. of the whole, changed

spontaneously from the haploid to the diploid condition.

As already indicated in the introduction, the sexual change in the
monosporous mycelia of Coprinus Rostrupianus here recorded resembles
that found by Vandendries (20) for the monosporous mycelia of C. radsans.
Of his mycelia twenty-seven changed from the haplmd to the d1p101d con=
dition in the course of six months..
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" Vandendries (21) has advanced the theory that all species of Coprinus,
&c., are at first heterothallic: i.e. that the spores. of the so-called homo-
thalhc species, as well as those of heterothallic species, are all unisexual, and

' that the mycelia which the spores ploduce are at first also unisexual. He
| suggests that in a homotha]llc species, e. g. Coprinus sterquilinus, the mycelia
" change from the haploid to the diploid condltlon at a very early stage in

their development, whilst in a heterothallic species the change is delayed
and may take place only after several weeks or months, as actually occurs
with C. radians. Vandendries therefore regards C. sterquilinus ot as
homothallic and C. 7adians not as heterothallic, but both of them as /Zezero-

i homothallic.

Let us suppose that in Coprinus radians or C. Rostrupianus two haploid

b mycelia bearing the sex-factors (A) and (a) are mated and give rise to

a diploid mycelium from which a fruit-body is produced. This fruit-body

- will yield 50 per cent. of spores with the (A) factor and 350 per cent. with
. the (a) factor. Let us suppose further that a mycelium which has come
. from a spore with the (A) factor spontaneously. becomes transformed into
" a diploid mycelium. We do not as yet know whether the two sexes repre-
" sented in each pair of nuclei in the diploid phase of this mycelium are
.identical with the parent sexes and can be represented by the symbols (A)

and (a), or whether the two sexes differ from the parental sexes and must

© therefore be represented by two new symbols, say (A’) and (a'), in which

latter case we should be obliged to explain the spontaneous change from
the haploid to the diploid condition by the theory of mutation. To solve
the problem of the nature of the two sexes in our diploid mycelium, it would
be necessary to obtain a fruit-body from the diploid mycelium, collect the
spores therefrom, germinate them, and back-cross their mycelia with

portions of the original haploid parental myceha or their sister mycelia. If °

the species is hetero-homothallic, the crossings should yield only two groups
of mycelia of opposite sex ; but if the spontaneous change to the diploid
condition has been due to mutation, there should be three or four groups
corresponding to the factors (A), (a), (A?), and (a!). The true explanation
of the spontaneous change from the haploid to the diploid condition in
C. radians and C. Rostrupianus, therefore, can be given only after further
critical experiments have been made.

Finally, we can ask : Do the wild fruit-bodies of Coprmw Rostrupianis
originate from a diploid mycelium which has been produced by the union
of two haploid mycelia of opposite sex, or from a diploid mycelium which
has come into existence from a single haploid mycelium by a spontaneous
change? The writer is of the opinion that, owing to the large number of
spores liberated by each fruit-body and their prevalence on the grass of the
meadows where the fungus exists, it is likely that, as a rule, a dung-plat
will contain not one spore of C. Rostrupianus but many spores, thus giving
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ample opportunity for diploid mycelia to be rapidly produced by the union
of haploid mycelia of opposite sex. Probably, therefore, the great majority
of wild fruit-bodies of C. Rostrupianus, and perhaps all of them, arise :

individually not from a single haploid mycelium which, in the course of | - -

many weeks, has spontaneously become diploid, but from two haploid

mycelia of opposite sex which have fused and formed a diploid mycelium.

V. SUMMARY.

1. Coprinus Rostrupianus is heterothallic, in that its mondsporous
mycelia during the first few weeks of their existence are all unisexual, half -

of them being of one sex and the other half of another and opposite sex.

2. Of ‘twenty-five monosporous mycelia, which were cultivated con- Lol
tinuously for six months, eleven remained haploid while fourteen, or

56 per cent. of the whole, spontaneously became diploid.

3. C. Rostrupianus resembles C. radians, as investigated by Van- .
dendries, in that all the spores and young mycelia of a single sexual strain |
belong to one of two sexes and in that, in the course of some months, many : :
of the monosporous mycelia change spontaneously from the haploid to the {75
diploid condition. Whether or not both of these species should be regarded

as hetero-homothallic can only be decided by further investigation.

4. In any individual strain of C. Rostrupianus only one type of basidium

exists. Each basidium bears one pair of spores of one sex and another pair
of spores of another and opposite sex. In any spore-deposit half the spores
are of one sex and the other half of another and opposite sex. '

- 5. It is impossible to decide by the experimental methods used whether
the reduction process in the basidium takes place with the first or with the

second division of the fusion nucleus.

6. Dimorphism of the basidia is not linked with differences in their
sexual constitution. Both long and short basidia bear spores of both sexes.

7. Both haploid and diploid mycelia of C Rostrupianus produce
sclerotia ; but, whereas sclerotia of diploid origin fruit perfectly, those of
haploid origin give rise to infertile mycelia or to fruit-body rudiments which
soon cease to develop. ' : ' g _

8. It seems probable that every wild fruit-body. of C. Rostrupianus,
C. lagopus, and many other heterothallic Agaricineae develops from a single
diploid mycelium formed by the union of two haploid mycelia of opposite
sex, and not from several or many diploid mycelia. ' )

9.~ C. Rostrupianus comprises sexually different strains which show

complete interfertility, so that, while each sexual strain is bisexual, the species
as a whole must be regarded as multisexual, ‘

The foregoing investigations were carried out in the Department of

Botany of the University of Manitoba, partly during the tenure of the |
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Hudson’s Bay Fellowéhip for 1923-4, and partly during the tenure of
a Fellowship granted by the Canadian Honorary Advisory Council for
Scientific and Industrial Research for 1924-5. I desire to acknowledge my

" debt to Professor A. H. Reginald Biiller for suggesting the problem and for

giving me the benefit of his wide knowledge and experience during the
progress of the work. '
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EXPLANATION -OF PLATE VI
Illustrating Miss Doroth);: ﬁewton’sﬂmipér on Coprinus Rostrz_tpz’anu.x. v

All figures are those of Coprinus Rostrupianus.

Fig. 1. Two sclerotia found at Winnipeg in old cow-dung, photographed when dry and
shrunken. Natural size.

Fig. 2. A group of nine moist and fully swollen sclerotia showing variation in form and size,
grown from polysporous (diploid) mycelia on sterilized horse-dung in the laboratory. Natural size.

Fig. 3. The production of frnit-bodies from sclerotia found in old cow-dung. Photograph
taken three weeks after the sclerotia had been placed on moist sand in the laboratory. On the left, °
a single sclerotium bearing the rudiment of a fruit-body. On the right, two sclerotia clinging
together, each bearing a fruit-body whlch is about to elongate its” stxpe and expand its pileus. '
Natural size.

Fig. 4 The same two scIerotla and two fruit-bodies as those' shown in Flg 3, one day older,
The stipes are now.fully elongated. The pilei, which have become campanulate and are now
shedding spores, still ha.ve their gills mterlocked by long cy stxdm which could be seen wnh the naked
eye. Natural size.

Fig., 5. Spores which settled on a glass slide placed beneath a pileus, photographed dry.
X o0, '

Fig. 6. A spore-deposit on a cover-glass, obtained by the coverglass-contact method, showing
five spore-tetrads, each tetrad being made up of the four spores of a single ba51du m. ¥ Ico.
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‘ The Distribution of Spores of Diverse Sex on the
Hymenium of Coprinus lagopus. '

BY

o DOROTHY E. NEWTON, M.Sc. (McGILL).
| ’ ‘With four Diagrams in the Text,
‘I. INTRODUCTION.

*HE observations of Mlle Bensaude, Kniep (6, 7), Miss Mounce (9),
Vandendries (11, 12), Brunswik (1), Hanna (4), the writer (10), and

others, made from 1918 onwards, have shown that, while certain species of

Hymenomycetes are homothallic, other species are heterothallic. The
experiments so far made -indicate that in the Hymenomycetes there are

o far more heterothallic species than homothallic.

In a homothallic species of Hymenomycetes each spore gives rise to
| a mycelium which is at first haploid, but which, in the course of a few days,
spontaneously becomes diploid. The haplophase, in which the nuclei are
isolated from one another, is associated with simple septa, while the diplo-
phase, in which the nuclei are in pairs and undergo conjugate division, is
associated .with the presence of clamp-connexions at the cross-walls. Sooner
or later the diploid mycelium produces-a diploid fruit-body, the pair of
nuclei of opposite sex in each basidium fuse together, the fusion nucleus
undergoes two successive divisions during which segregation of sex factors
takes place, four haploid nuclei are thus produced, and these nuclei pass up
into the four spores. The haploid spores thus brought into existence are
' ready to initiate the life-history once more.

In a heterothallic species each spore on the hymenium of an individual
fruit-body is unisexual and, normally, the mycelium produced by each
spore, so long as it is grown in isolation, continues to be of one and the
» same sex as the parent spore. As in a homothallic species, each spore and
.+, its branching germ-tube are haploid ; but, unlike the homothallic species, a
" monosporous mycelium of a heterothallic species does not pass spontaneously

.. from the haplophase to the diplophase, but continues in the diplophase until

" conjugation with another mycelium of opposite sex takes place.

[Annals of Botany, Vol. XL. No. CLX. October, 1926.]
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Heterothallic Hymenomycetes are divisible into two groups: (1) spec1es
in which the spores on each fruit-body fall into two sexually opposite groups
(haploid genotypes); and (2) species in which the spores on each fruit- body
fall into four sexually different groups.

(1) In a heterothallic species with 70 sexually different kinds of spores
pn each fruit-body, e.g. Coprinus radians (11),! C. Rostrupianus (10), and
C. comatus (1), normally the spores of one sex (after germination by means:
of their mycelia) react positively—forming pairs of nuclei, and giving rise to
clamp-connexions—only with spores of the opposite sex. One Mendehan
pair of factors may be considered as here involved. The diploid fusion
nucleus in the basidium bears both factors and may be represented as (4a)..

The haploid nucleus of each of the four spores which are produced on the: e SO
basidium bears only one factor, so that sexually the two kinds of spores,’»--’*“--'- SRR
may be represented as (4) and (2). In a previous paper I have shown that:

in C. Rostrupianus all the basidia of any individual fruit-body are alike, in:
that they bear two spores.of one sex and two of the other and opposite.
sex (10). Presumably this is true for other spec1es resembling C. Rosh’upz-

(2) In a heterothallic species with four sexually different kinds o
spores on each fruit-body, e.g. Aleurodiscus polygonius (7), Schizophylium.

commune (6), Coprinus lagopus (5), and Hypholoma fasciculare (3), normally . .

one kind of spore (after germination by means of its mycelium)-can reac
positively with only one of the other three kinds. Two Mendelian pairs of
factors may be considered as here involved. The diploid fusion nucleus i ln

_ the basidium bears both pairs of factors, and may be represented as (AaBb).;
“The haploid nucleus of each of the four spores which are produced on the -

basidium ‘bears only one of each pair of factors, so that, sexually, the fou1<
kinds of spores may be represented as (4B), (ab), (48), and (aB).

In species which on any individual fruit-body have four sexually
different kinds of spores (4B), (ab), (4&), (aB), it is of interest to determme
the relative numbers and positions of the four kinds of spores on the
hymenium which covers the gills. Towards the solution of ‘this problem
certain data have already been obtained by Kniep (7), Funke (8), Hanna (5),
and myself (2, 10).

Kniep, in 1922, observed that in Alewrodiscus polygonins, under certam
abnormal moisture conditions, the' four spores of each basidium are shot

! Vandendries working with Coprinus radians (12) and the writer (10) working with C. Rostru-
pianus have observed that, while in these species all the monosporous mycelia are at-first unisexual;

(haploid) and as such can be mated in the usual way, when these unisexual mycelia are kept in culture!,

for-several weeks or months a large percentage of them spontaneously become bisexual (diploid), asis; - .

.indicated by the spontaneous development of clamp-connesions. This phenomenon, which is of con-/ -

siderable theoretical interest, requires further experimental elucidation. Species in which the mono- - S

sporous mycelia are at first unisexual and subsequently bisexual have been called by Vandendries’
ketero-homothallic. :
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\way together in a single mass. Taking advantage of this fact, he procured
he spore-masses of thirty-five basidia. Each spore-mass was deposited in
terilized agar in a flask, and the four spores were then separated from one
mother by shaking the flask. After the spores had germinated, the four
nyceha were isolated and then mated with one another in all possible ways.
Kniep found that each of his thirty-five basidia had produced two kinds of
spores, two of one sex and two of another and opposite sex. The four
spores of some of the basidia contained the sex factors (4B), (4B), (ad),
(ab), while the four spores of the other basidia contained the sex factors
(Ab), (48), (aB), (aB). XKniep therefore concluded that the reduction
process in the basidium takes place in the firszdivision of the fusion nucleus

- -and not in the second. Subsequently, he informed Professor A.H. R. Buller
“in ltt. (March, 1925) that in further experiments with Alenrodiscus poly-

gonius he had discovered a few basidia which had borne all four kinds of
spores (4B), (ab), (Ab), (aB), so that he could no longer maintain that in
this species the reductlon process always takes place in the first nuclear
division.

In October, 1924, Funke (8) announced that with the help of a micro-

v:v‘:V'--%_i"_'-'manipulator he had succeeded in removing. the four spores of a few
" individual basidia of Hypholoma fasciculare, H. capnoidés, and Collybia
. welutipes, in sowing-the spores separately in culture media, and in analysing

E ~‘each set of four spores for their sex reactions. In Hypholoma fasciculare

two basidia were of the type (4B), (4B), (ab), (ab), and four of the type
(AB), (ab), (A8), (aB). In Collybia velutipes one basidium was of the type
(AB), (4B), (ab), (ab), and three others of the type (4AB), (ab), (45), (aB).
In Hypholoma capnoides similar results were obtained, but the number of
basidia used was not stated. In none of these species, doubtless owing to
‘the small numbers of basidia analysed, did Funke obtain a third type of
‘basidium : (48), (48), (aB), (@B). He concluded from his results that,
‘where a basidium had produced only two kinds of spores, the reduction
process had taken place in the first division of the fusion nucleus and that,
when a basidium had produced all four kinds of spores, the reductlon
/process had taken place in the second division.

? In November, 1924, Buller (2), without being aware of the publication-
of Funke’s paper, gave a summary of some experiments on sex which
had been made in his laboratory. He described the cover-glass-contact

‘method for isolating the four spores of a single basidium ; and he announced
‘that Hanna had found two types of basidia onthe gills of Coprinus lagopus,

. (AB), (AB), (ab), (ab), and (AB), (ab), (48), (aB), and that Newton had

~ found that all the basidia on the hymenium of any fruit-body of Coprinus
""" Rostrupianus were alike in that each of them bears two spores of one sex
~ " and two of another and opposite sex. '

Hanna (4), in April, 1925, gave a detalled account of his experiments
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on Coprinus lagopus. Of thirteen basidia analysed, seven bore two spores of:
one sex and two spores of another and opposite sex, while six bore spores:
of all four kinds (4B), (ab), (48), (aB). He stated that in the basidia with: -
two spores of one sex and two of another and opposite sex there were in all; -
probability two types present, namely (4B), (4B), (ab), (ab), and (A8),
(A48), (@B), (aB), but he did not carry out any mating experiments to test:
his supposition (5).
In January, 1926, I stated (10) that I had analysed about twenty basidia:
of Coprinus Rostrupianus for the sexual reactions of their spores, and had:
found that every one of these basidia had borne two spores of one sex and:
two of another and opposite sex. There were no exceptions to this rule.’
Therefore I concluded that of the spores on any fruit-body of C. Rostrupi-:
anus, 50 per cent. are of one sex and 50 per cent. of another and opposite’
sex. i

In the present paper, an attempt is made to extend our knowledge of'
the distribution of spores of diverse sex on the hymenium of Coprinus
lagopus. Hanna, as we have seen, found that on a single fruit-body some
of the basidia bore all four kinds of spores (42B), (ab), (48), (aB), and other
basidia spores of two kinds only, but he did not demonstrate that of thei
latter some basidia were of the type (4AB), (AB), (ab), (ab), and others of
the type (A44), (48), (aB), (@B), although he regarded this as probable. :
Analyses of the sexual reactions of the four spores of numerous individual i
basidia have been made for the following purposes: (1) to determine.
whether or not the three types of basidia (4.5), (b), (48), (aB), and (4B),
(4DB), (ab), (ab), and (A48), (4b), (aB), (aB), occur on the hymenium of any
individual fruit-body, as supposed by Hanna; (2) to obtain data as to the
relative numbers of the three types of basidia on any individual fruit-body ; ¢
and (3) to determine in respect to sex the relative positions of the four:
spores on individual basidia, in the hope of throwing some light on the:

II. METHODS.

~ Some fruit-bodies of Coprinus lagopus came up spontaneously on fresh |
horse-dung balls contained in a large covered dish in the laboratory. -
A spore-deposit produced by the pileus of a single fruit-body was collected
on a sterilized glass slide, and then many of the spores were sown together
on sterilized horse-dung in a quart jar plugged with cotton-wool. After !
about fourteen days the mycelium began to yield fruit-bodies, and fruiting |
continued for several weeks. This culture, which was the product of
a single sexual strain afforded material for most of the experiments, and

1 Hanna (5) has shown that Coprinus lagopus is made up of many sexual strains, any two of
which are perfectly fertile énter se, i.e. any monosporous mycelium of one strain will give a positive !
sexual reaction with any monosporous mycelium of the other strain. - :
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wids always employed where intercrossings between the spores of two or
more basidia from the same or from diverse fruit-bodies were undertaken.
: The four spores of single basidia were removed from the hymenium
by the cover-glass-contact method (2, 5, 10), and then the individual spores.
of each tetrad were sown separately in dung-agar by the dry-needle
method (4). A thin layer of dung-égar was poured into a Petri dish, and -
after it had set four circles, each about I cm. wide, were drawn in a row
‘with a wax pencil on the under side of the dish, and numbered in sticcession .
1,2, 3,and 4. In order to keep a record of the relative positions of the
four spores of a tetrad derived from a single basidium, the spores were
iremoved by the needle in counter-clockwise succession: the first spore i
- 'removed was set in the agar above the circle No. 1, the second spore above
" the circle No. 2, and so forth for spores No. 3 and No. 4.
In using the technique just described there are certain difficulties
 involved. (1) The four spores of a tetrad attached to the cover-glass, while :
'separate from one another, are only a few microns apart, and to remove
'them one by one with the needle in counter-clockwise succession without
:.. . allowing any one to touch its fellows requires steadiness of hand and some
i practice. If, after spores No. 1 and No. 2 had been successfully removed
" from a tetrad, spores Nos. 3 and 4 became stuck together accidentally, the .
P R PR original relative positions of the spores Nos. 3 and 4 were lost, and the
SR s whole tetrad had to be discarded so far as its value for determining
- the relative positions of the spores of diverse sex was concerned ; but, after
~spores Nos. 3 and 4 had been separated by manipulations with the needle -
and had been sown separately, the tetrad could still be used for determining
the nature of the sexes of the four spores, and thus for adding to the
statistics concerning the relative numbers of the three types of basidia
| which occur on the hymenium. (2) It not infrequently happens that of
 the four spores of a tetrad which have been successfully isolated in counter-
clockwise succession, and have been sown in their proper sequence above
the four rings in the Petri dish, only one or two germinate. One is thén
obliged to discard the tetrad for all purposes. When three spores germinate,
the tetrad can be further investigated advantageously ; for, when the sexes
. of three of the four spores in any tetrad are known, one can readily infer to
. which of the three kinds of tetrads, namely (4B), (ab), (45), (aB); (4B),
(AB), (ab), (ab) ; and (A48), (4b), (aB), (aB), the tetrad under investigation-
belongs. ' -
. o When all four spores of a- single tetrad, or three spores of the four
LT B germinated, the individual monosporous mycelia, when about two days old,
77 Wwere transferred to separate Petri dishes. The culture medium was always
dung-agar, which was prepared in the usual manner (10). The method of
pairing the ‘monosporous mycelia on agar plates was the same as that
described by Hanna (5). ‘
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The criteria of sex employed were those now generally in use in:
experimental work on hymenomycetous fungi (9, 10). The chief criterion
was the presence or absence of clamp-connexions after two monosporous
mycelia had been paired on dung-agar in a Petri dish. Normally, a mono- ¢ - -
sporous mycelium, when grown for an indefinite period in isolation, never
develops any clamp-connexions. When two monosporous mycelia have :
been paired on a plate, if, after union, they develop clamp-connexions, they
are considered as being of opposite sex ; whereas if, after union, they fail
to produce clamp-connexions, they are considered as having one or both
sex factors in common. Sexual union may be effected by the following
pairings, (4B) x (ab), (4%) x (aB), but not by the following pairings, (4 B) x :
(AB), (ab) x (ab), (AB) x (A8), (aB)x (zzB) (4B) x (aB) (AB)x (Ab), (A5 x

(ab), (ab) x (aB).

While the clamp-connexion criterion was employed in every experi-
ment, another criterion, namely, the presence or absence of oidia, was also
very generally used, although in a -subsidiary manner. Haploid mycelia not
only do not produce clamp-connexions, but they develop oidia freely, and

the oidia give to the surface of the mycelium a more or less floury appear-

ance. On the other hand, diploid mycelia, while producing clamp-con-
nexions, never develop oidia, and the surface of such mycelia is never floury :

to the naked eye. When two monosporous mycelia have been paired,

therefore, the cessation of oidia-production as the mycelia grow radially out- |

wards indicates that the two mycelia are of opposite sex, whereas the con-
tinued production of oidia indicates that the two myecelia possess either one
or both sex factors in common.

HI." DIsCUSSION OF THE THREE THEORETICAL TYPES OF BASIDIA.

Granted that a fruit-body of Coprinus lagopus bears spores of four
sexually different kinds and that each spore bears two sex factors, one
belonging to one pair of factors and the other to another pair of factors, the
spores can be represented by the symbols (4B), (a8), (45), and (2B).. Then
there are three types of basidia of which the existence seems probable, and
they may be represented by the sex factors of their spores : (A4B), (ab), (48),

. (aB); (AB), (AB), (ab), (ab) ; and (A8), (48), (@B), (aB).

When the four spores of a basidium of the type (4B), (28), (A4), (aB)
are crossed in all possible ways between themselves, we obtain a result like
that- shown in Table I. Each monosporous mycelium gives clamp-con-
nexions with oze only of the three other mycelia. The only pairs of mycelia
which give clamp-connexions are those which have no sex factors in common.
In all the tables a (+) sign indicates that, after pairing, clamp -connexions
appeared in the culture, and a (—) sign that they did not.

i
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When the four spores of a basidium of the type (4B), (4B), (ab), (ad)

. are crossed in all possible ways between themselves, we obtain a result like

-1 that shown in Table II.
* nexions with Zwo of the other three mycelia.

Each monosporous mycelium gives clamp-con-
Here, again, the only pairs of

| mycelia which give clamp-connexions ate those which have no sex factors

in common.

TABLE II. '

AB AB ab ab
+[+
|+

TABLE 1.

ABab A
+

+

AB
ab
Ab
aB

AB
AB
ab
ab

+
+

+
+

Bas.II.

TasLE II. All possiblé pairings of the
four monosporous mycelia from a basi-
dium of the type (4 B), (45), (ab), (ab).

+
Bas. L.

TaBLE I. Al possible pairings of
the four monosporous mycelia from a
?asidium of the type (4B) (ab), (A45)
aB).

~ TaBLE 111,

Ab Ab aB aB
—T=T+[+
+|+

TABLE IV.

AB AB ab ab

Ab
Ab
aB
aB

Ab
Ab
abB

+
+

+
_|_

aB
Bas. IIL

TaprE ITXI. All possible pairings of
the four monosporous mycelia from
a basidium of the type (48),%A44),
(@B), @B). -

Bas.II X Bas.JIL

TaBLE IV. All possible pairings of
the four monosporous mycelia from a basi-
dium of the type (4.5), (4B), (ab), (abd)
with the four monosporous mycelia from a
basidium of the type (45),(45),(aB),(aB).

When the four spores of a basidium of the type (48), (46), (aB), (aB)

L . are crossed in all possible ways between themselves, we obtain a result like

that shown in Table III. Each monosporous mycelium gives clamp-con-
nexions with Zwo of the other three mycelia. Here, as in the other types of

© basidia, the only pairs of mycelia which give clamp-connexions are those

which have no sex factors in common.
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If now the four spores of a basidium of the type (4.B), (4B), (ab), (ab)
are paired in all possible ways with the four spores of a basidium of the
type (A48), (48), (aB), (aB), the result to be expected should be that shown
in Table IV, for in every pair of mycelia there will be one sex factor in
common, and this will prevent the formation of conjugate pairs of nuclei and.
of clamp-connexions. Thus Table IV shows negative results only.

After pairing the four spores of one basidium with the four spores of °
another basidium: if (1) we obtain half-positive and half-negative results- :
like those shown in Tables IT and II1, we may be quite sure that the two
basidia crossed are of the same type, and either (4B), (4B), (ab), (ab), or
(48), (48), (aB), (aB), although we cannot tell which; whereas, if (2) we

- obtain entirely negative results like those shown in Table IV, we may be

TABLE V.
BasH Ba.s..ll[.
A\ _A

| | ABABalb ab Al Al aBaB
SR - ABl—\|—|+|+|—|—|—|—
7Y e o o oy
Abl—|—|—|—|—|— |+ |+
aBl_; — = =] F ==

All possible pairings of the four monosporous mycelia from each of the two types of b':lsidia
(4B),(AB), (ab), (ab) and (Ab), (48), (aB), («B) with the four monosporous mycelia of a basidinm
of the type (4B), (ab), (48), (aB).

BasI

equally sure that the two basidia are of different types, one of them being of
the type (4B), (AB), (ab), (ab) and the other of the type (48), (45), (aB),
(@B). If, arbitrarily, we give one set of symbols to one of the two groups
of four monosporous mycelia, then we must give the other set of symbols to
the other group. ‘ .

If the four spores of a basidium of the type (4B), (ab), (48), (aB) are
paired with the four spores of a basidium of the type (425), (45), (ab), (ad),
and also with the four spores of a basidium of the type (A48), (44), (aB),
(@B), theoretically we obtain results like those shown in Table V. Let us
call the three basidia shown in the table Basidium I, Basidium II, and
Basidium III, so that their numbers correspond to the three types just
mentioned and in the same respective order. Then we perceive, by refer-

U ence to Table V, that the four spores of Basidium II do not react with the
S , spores (A45) and (2B) of Basidium I, nor the four spores of Basidium IIT with
R the spores (AB) and (ab) of Basidium I, owing to the fact that in all these
pairings one sex factor would be common to both mycelia. The positive.




g—i

Sex on the Hymenium of Coprinus lagopus. 899

reactions between Basidia I and IT are limited to pairings between (4 B)and

- (ab) spores which have no sex factors in common; and, similarly, the
| positive reactions between Basidia I and III are limited to pairings between
- (45) and (aB) spores.

IV. AN EXPERIMENTAL PROOF OF THE EXISTENCE OF THE
THREE TYPES OF BASIDIA.

(1) In the first series of experiments thirty basidia were investigated.

Fifteen gave results like that shown in Table I, which indicates that they
. had produced spores of four different sexes, i.e. were quadrisexual, while
S fifteen gave half-positive and half-negative results like those shown in
"7 Tables II and III, which indicates that they had produced two spores of

one sex and two spores of another and opposite sex, i.e. were bisexual.

. Without further investigation, however, as explained in the preceding
| section, it could not be known whether the fifteen bisexual basidia were all

of the type shown in Table II, or were all of the type shown in Table III,
or were some of one type and some of the other.

Of the fifteen basidia which bore spores of two kinds in pairs, eleven
were selected for further analysis. In five of these all four spores had
germinated, and in the remaining six, three spores only. Thus there were
in hand a total of thirty-eight monosporous mycelia. These were then
paired in all possible ways with a view to determining which were of the
type shown in Table II and which of the type shown in Table III. The
total number of pairings was 741, and the results were set out in a large
table of which a representative section, embodying examples of all the
kinds of reaction obtained, is shown in" Table VI. In this table, the
roman numerals attached to the basidia indicate the order in which the
basidia were investigated by themselves before being paired with other
basidia, while the arabic numerals indicate spores in the order in which
they were removed from each tetrad, so that both kinds of numbers were
chosen arbitrarily. The Mendelian symbols are those we seem compelled
to adopt to explain the experimental results.

In Table VI it will be seen that the spores of three basidia (exceptmg
one spore of Basidium VI which did not germinate) have been paired in all
possible ways. The monosporous mycelia from Basidia VI and XIV gave
no clamp-connexions with those of Basidium XIII. The monosporous
mycelia from Basidia IX, XII, XIX, and XXVI behaved towards those
from Basidium XIII exactly like those of Basidia VI and XIV. Hence we
may conclude that Basidia VI, IX, XII, XIV, XIX, and XXVT are all of
one and the same sexual type. The monosporous mycelia of Basidia X VIII,

" XXII, XXIV, and XXVII exactly resembled those of Basidium XIII in

that they failed to react with the mycelia of Basidia VI, IX, XII, XIV,
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XIX, and XXVI. Hence it is apparent that Basidia XIII, XVIII, XXII,
XXIV, and XXVII belong to the same sexual type, but to one differing
from that of Basidium VI and its like. If now to the spores of Basidia
XIIT, XVIII, XXII, XXIV, and XXVII we assign the symbols (45B), (45B),
(ad), (ab), then to the spores of Basidia VI, IX, XII, XIV, XIX,and XXVI
we must assign the symbols (46), (48), (aB), (¢B). Thus of the eleven
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Coprinus lagopus. All possible pairings of eleven monosporous mycelia from three different
basidia, with a Mendelian interpretation of the results.

basidia which bore spores of two kinds in pairs, selected for further analysis,
five were of the type shown in Table Il and six of the type shown in
Table III.

The above series of experiments clearly shows that, as supposed on
theoretical grounds by Hanna, on the hymenium of any fruit-body of
Coprinus lagopus there are three types of basidia the spores of which can be
represented sexually as: (45), (ab), (4d), (aB); (AB), (AB),(ab), (ab) ; and
(46), (4%), (aB), (aB). :

(2) In a second series of experiments the followmg basidia were pro-
cured : Basidium XL with four kinds of spores and Basidia XXXIX, XLIIIM,
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XLV, XLVI, XLVII, and XLVIII, all of which, when analysed. singly,
were found to have produced only two kinds of spores in pairs. Of Basidia
XXXIX, XL, XLIII, and XLV all the four spores had germinated, and
of Basidia XLVI, XLVII, and XLVIII only three of the four. Thus
there were in hand twenty-five monosporous mycelia. These were paired,
| not dnfer se as in the first series of experiments, but with the four mycelia of
- Basidium XXXV, which was of the four-sex type (4B5), (ab), (48), (aB).
The experimental results are embodied in Table VII. The roman and’
arabic numbers have the same significance as that already given for
Table VI, and, in arranging the table, for clearness and making com-
parisons the like monosporous mycelia for each of the basidia have been
placed together. The symbols. (45), (ab), (A4%), (aB) for the monosporous
mycelia of Basidium XXXV were chosen arbitrarily. The symbols for the

TaABLE VII.
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Coprinus lagopus. All possible pairings of twenty-five monosporous mycelia from seven different
basidia with four monosporous mycelia from a basidium that produced spores of four different sexes.
The results show that the seven basidia include representatives of all the three possible types. .

monosporous mycelia of the other seven basidia are those which it was
necessary to choose in order to explain the experimental results.

An examination of Table VII shows: (1) that Basidium XL gave with
Basidium XXXV results like those shown in Table I, i. e. what we should
expect theoretically when the four mycelia from each of twp basidia both
of the type (4B8), (ad), (Ab), (aB) are paired together in all possible ways;
(2) that Basidia XXXIX, XLIII, and XLVIII gave with Basidium XXXV
results like those shown in the left half of Table V, i.e. what we should
expect theoretically when the four mycelia from a basidium of the type
(4B), (AB), (ab), (ab) are paired with the four mycelia from a basidium of

-the type (4B), (ab), (48), (@B); and (3) that Basidia XLV, XLVI, and
XLVII gave with Basidium XXXV results like those shown in the right
half of Table V, i e. what we should expect theoretically when the four
myecelia from a basidium of the type (46), (4%), (aB), (aB) are paired with
the four mycelia from a basidium of the type (45), (ab), (45), (@B). Hence
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we may conclude from this second series of experiments that all the three
types of basidia, which were postulated theoretically, were actually present

together in one and the same hymenium.

V. THE RELATIVE NUMBERS OF THE THREE TYPES OF BASIDIA.

In the course of several months a total of forty-seven basidia were
analysed for the sexual constitution of their spores. Four monosporous '
mycelia were obtained from the four spores of some of the basidia, but only
three from others, owing to deficient germination. As there are only three
types of basidia on the hymenium of Coprinus lagopus and as these types

are so different from one another, when thé sexual constitution of three of : L

the four spores has been ascertained by experiment, one can say with =
certainty to which of the three types the basidium belongs. Hence, for our
present inquiry, basidia of which only three spores germinated are just as °

useful as those of which all four spores germinated.

From the spores of the forty-seven basidia a total of one hundred and

sixty-six monosporous mycelia was obtained. The mycelia from the spores -
of each basidium were first paired among themselves in all possible ways, as *

in Tables I, II, and III, so as to determine which of the basidia had botne °

spores of all four sexes (45), (ab), (45), (@B), and which had borne spores

of only two sexes in pairs; and then the mycelia from the basidia which
had borne spores of only two sexes in pairs were paired in the manner

illustrated in Tables VI and VII so as to determine which of them were of

the type (AB;), (4B), (ab), (ab), and which- of the type (48), (48), (aB),
(aB). The statistical results of the investigation may be summarized as
follows: :

1. Twenty-five basidia belonged to the {(4B), (ab), (45), (B), or four-
sex type. '

2. Twenty-two basidia belonged to the two-sex types, of which seven-
teen were further investigated in order to assign them to their
‘respective types. Of these seventeen basidia : ‘

(@) Nine belonged to the (45), (45), (ab), (ab) type, and
(6) Eight belonged to the (4%), (40), (aB), (aB) type.

The data just recorded indicate: (1) that the number of basidia of the
four-sex type (45), (ab), (Ab); (@B) occurring upon the hymenium of any
fruit-body is approximately equal to the number of basidia of the two two-
sex types taken together; and (2) that the two two-sex types of basidia,
namely, (4B), (4B), (ab), (ab), and (4b), (4b), (aB), (eB), are present on
the hymenium in approximately equal numbers.

Expressed in percentages, the data given above indicate that of the three




