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Studies in the Sexuality of the Heterobasidiee
INTRODUCT ION
In the present work a study was made of various species of the
orders Auricularieles, Tremellales and Dacryomycetales. FHowever, owing to
the absence of clamp connsctions in the specics of Dacrynnwceé, Guepinia

end Celocera thet were collected, and owing to the failure to develop

s suitable technique for staining their nuclei, the sexuality of the
species of this last order was not included in this study. Spore germi-
nation wes studied in Tremella lutescens, but due to the failure of the

cultures to preduce extensive mycelium on the various media used no
work could be done concerning sexuality. The species from which mono-
spore cultures were obtained and whose secxuslity was studied were
Anricularia puriculs-judee (Fr.) Schrit., Exidie glandulosa (Bull.) Fr.,

Be ricisa (Ditm.) Pr., E. saccharina Pr. and E. micleata (Schwe.) Burt.

The literature concerning the Heterobasidiess, other than from
the texonomic standpoint, is scarce. Several writers, including
Brefeld (4), Dangeard (11), M81ller (21), Shear and Dodge (30), Neuhoff
{24, 25), Gilbert (14), end Eniep (17), have roported germination of
spores in some species of this group, but few of them (Brefeld, Shear
end Dodge, Neuhoff, and Eniep) have reported the production of exe
tensive mycelium. Cytological work has been published by Neuhoff (24),
Gilbert {14), Kithner (19), Rogers (28, 29) ~nd Whelden (40, 41, 42, 43).

MATERIALS AND METHODS
Collections of Species Studied

The collections of the specics of Auricularia and Exidia used in

cultural work end from which monospore cultures were obtained are given

in Table 1.



Species

A. aurioula-

Judee

1@
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glandulosa

u
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"

]

nucleata

fable 1

Data Comcerning the Collections of Auriculariu and Exidis

Collection Pl:ce of

number

111

VI

Vil

VIIX

i1

II

I11

I

Collection Date
Adirondacks,

N 8/23/36
Lincoln Received
Nebr. 2 11/7/35
Chepel Hill
He Co 3 7/6/36
Linccln, Reeceived
Nebr.2 10/28/35
Towa City
Iowe. 8/2/36

v ond o/3/36

Ft.Collins Received

Colo.” 1/5/37

E. Lansing
Mich. 11/4/34

o &/29/36
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Weh..  5/20/%6

E. Lansing

Miche 3/28/36

Lyons,

ich 5/30/3¢6
E.Lsnsing
Hich. 6/4/%6
Grayling
Bich. 9/10/%¢
EeLansing
Mich. . 7/9/35

l. Collected by Dr. E. A. Bessey

Ze

By courtesy of Dr. Leva B. Walker

30 By Oourtesy of Dr. W. c. cokﬂr
4. By courtesy of Dr. G. W. Martin

Se By oourtesy of Prof. J. L. Forsberg

All other specimens were colleccted by the author
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In the records of spore Bigzes, given in Tgble 1, the first eand
last numbers in each case represent the extremes end the rumbers in
parentheges zre the means. One hundred spores from each of collections
I, IV, ¥, and YIII worc moesured, while 20 spores cach of collections
I1I, VI end ¥Il were moasurcd.

It is interesting to note the differences in the sizes of spores
of the collections of A, auricula-judse. The width varied only slightly,

but in length the spores verled comsiderablys Collections T and VIIX
had the longest spores with respective mean lengths of 14.64 and 15.0Ms
The mean lengths of spores from other collections renged from 1l.9p
to lﬁufy.t. A better comparison betweon the epores of certain eollections
is seen when the distribution of spore lengths is given in the form of
s graph (Text Figs 1).

Two fruit bodies were sclected from collection ¥ of A. auricule-

Judes end designated as Ve end Vb, These had elreedy been removed
from the host wood and the distance apart could not be debermineds
Pron collection II of B. glenduloss two fruit bodies (ITe snd ITb)

wore chogen from the same log only two inches aparts. The only coll-
cction of B, saccharine wus found growing on a stick eabout 12 inches

longs Two fruit bodics were sclectoed and designated as Ja snd Ib.
Only one fruit body was selected from each of the other collections.
Method of Sccuring Cultures
When {rosh materisl was pot available the dried fruit bodies were
moistencd with distilled weter and placed on moist paper toweling in
a petri dish. After a few hours the fruit bodies were exemined with
low power of the compound microscope to be sure that they were producing

an sbundance of sporess At first e Chamberlain nicromanipulator wms
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Text fig. 1. Graph showing distribution of lengths of
100 gpores each of four oollections of A. suricula-judae.




used to piok the spores from the basidias However, this method soon
proved to be unsatisfactory from the standpoint of time and because of
other discharging spores falling on the needle of the manipulator before
a single spore could be picked off. After this the spores were picked
out from spore doposits on agar plates.

The most setisfactory method of obteining spore deposite was
similer to the method used by Mounce {22)., A portion of a fruit body
was fastensd to the cover of a petri dish by means of a drop of thick
Canada balsams This permitied the later addition of a small drop of
water to the piece of fruit body without destroying the adhesive prop-
erty of the balsams The petri dish cover with the piece of fruit body
was then pleced over an agar plate snd the spores were allowed to fall
upon the agar. By slow rotation of the cover a more or less even
distribution of spores was obteined in & circular arce. Spores from
fruit bodies produced in eulture were suspended in sterile distilled
water which was then poured over agar plates.

Hultispore cultures were obtained by cutting out blocks of #gar
containing meny spores and transferring them to test tubes of agar.
For monospore cultures viable spores were insured by allowing them to
germinate before they were picked oute A tool for picking out single
spores was {ashioned from e small sewing needle with a very small
rounded eyse The metsl arocund the eye was ground dovn somewhat end
sharpened making a cutting edge. This end of the needle was then bent
at an angle of about 456° and the pointed end inserted into e metal
holders. This mede a very convenient tool which could be sterilized
in a flame end, when not allowed to become red hot, ome such tool lasted
a long tine.



The agar plate with the spore deposit was placed upon the stage of
e binocular dissecting microscope :nd the germinated spores located by
use of the high power objective {at & magnification of sbout 96X). The
eye of the specially prepared needle was pressed down around & well-isolated
germinated spore, cutting out a small area of agar to the botiom of the
rlate. 4t this stege the spore could be observed in the ares cut out
by the needlee. This piece of agar bearing the spore was lifted out and
with the point of & second sterile meedle the top portion of the agar
block was picked off and transferred to a tube of agare The use of the
second needle in removing only the upper portion of the agar block re=-
duced the possibility of transferring other spores which might stick
to other parts of the [irst needle. The cultures were then placed under
bell jars in e moist stmosphere and incubated at room temperature.

Culture Media Used

Puring the first part of the investigations potato-~-dextrose agar
was used exclusivelys Later, verious modifications of this end seversl
other modie were tried in order to determine the medie best suited for
vegetative growth snd for the production of fruit bodies. The follow-
ing modia were tested: potato-dextrose agar with and without peptone,
ralt egaer with and without peptone, dextro-maltose agaf. prune extract-
corn neal agar, Czepek's medium, powdered wood-melt extract-peptone
medium as described by Armold (1), moistened powdered wood of maple,
hickory and cek, end autoclaved sticks of basswood, maple, hickory and
ouks For the last medium, living sticks of wood about - to 1 inch in
dismeter wore chosen. The bark waes removed from one side of' the sticks
which were placed in large test tubes containing about two inches of

distilled water end sterilized at 15 pounds pressure. This furnished



& constantly moist atmosphere in the tubes snd a range in the amount
of moisture in the wood.

Tho best medis for vegetative growth of all speecies were potato-
dextrose agar (broth of 20C gm. potatoes, 20 gm. dextrose, 15 gm. agar,
enough distilled water to mske 1 liter), snd malt extract ager (15 gm.
desiccuted malt extract, 15 gm. apgar, 1 liter of distilled water), Little
difference wus seen between these two medias The sccond medium was used
almost exclusively thruout the latter part of the work and for all of
the pairings of momospore cultures. The presernce of 1 gme of peptone
per liter in easch of the media had no apparent effect om the vegetative
growth, The poorest vegetative prowth was produced on dextro-maltose
agar, Czapek's medium znd on wood media. Por the formation of fruit
bodies the best medie were potato-dextrose agar with 1 gme. of peptone
per liter, melt extract agar and prune-corn meal egar in the order |
named. The most typically shaped fruit bodies of A. suriculs-judee

were produced on moist sticks of basswood aund hickory.
RESVLIS OF BXPERIMENTS
Gernination of PBasidiospores
Ae auricule-judac. When dried fruit bodies were revived, spore

discharge began as early as five hours after they had resumed their
normel shepe snd sizeo. The first spores, discharged from the fruit
bodice, perminated very poorly, only sbout 1-4% after four duys on sgar.
Spores discharged leter showed slmost 100% germinetion after four days
on agar at room temperature. Most of the spores germimatcd within 12
to 48 hours ofter being discharged. Spores from a fruit body which

had been in e dry condition for almost nine months germinated poorly.
At the time of discharge the spores were single celled, tut before



| germinztion they often, but not always, btecume two or threec-celled, each
cell containing a single rucleus (Pl. I, 1).

On agar the spores germinated by means of one or rarely by two
long germ tubes. The germ tube usually arose from the apicular end of
the spore (Pl. I, 4), tut some arose from the other end or from the convex
side of the spore (Pl, I, 3)s The germ tubes often remsined unbranched
for a distence of 75 to 1l00M, after which they showed frequemt branching.
Some of the branches soon penetrated dowowerd into the ager while others
grew on the surface or turned upwerd to produce aserisl hyphse. After
the germ tube hud reached some length the contents in the spore passed
out into the tube, revealing clearly the septa in the spore and older
portion of the tube (Pl. I, 4). OGrowth and branching continued until
ebundant white myceliwn was produced. Basidiospores which had fallen
on moist paper toweling were examined after two days. Only sbout 10%
hed germinated and these had produced coarse germ tubes similar to the
germination of spores on agurs

Some of the spores discharged from a fruit body fell back and
colleccted in & mass on the fruit body itself. These were examined and
severel showed germimntion by the §mduction of a single, slightly
curved, secondary spore on & slender gern tube (Fl. IV, 1). Basidio-
spores in distilled water were exmmined after two days. The percentage
of germination was high end most of the sporcs werc distinectly two-
celleds A fow spores produced stoub germ tubes, but in most cases
gormivation wes by means of e fine gorm tube about lpwide end -15 u
long, from each cell of the spore. Each germ tube bore one or more
sickle~ghuped oidia at its tip (Pl. I, 2). Similar germimation of

spores and production of oidia in water and in nutrient solution were
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desoribed by Brefeld (4) for A. sembucine. Measured along the chord

connecting the tips the oidia (Pl. IV, 2) were 2-3 M long, although they
were actually 4-5u in lengths The thickness at the middle was 1.5/4,
while the curvature wus such that the distance from the chord to the

outer convex side was 2-3p.

E. zlandulosa, Spores discharged from fresh fruit bodies germinsted

very readily. Germ tubes as long as 60 pwere produced within 12 hours
after falling on agar. The spores were single celled at the time of
discherge but before germination some became two or rarely three-celled
(P1. I, 10). Most of the spores produced two coarse germ tubes, one
at either end of the spore (Pl. I, 12), or one often arose from the
convex side of the spore (Pl. I, 13). Some of the germ tubes grew to
e length of 1u0 e before branching snd then branched frequently. One
collection was revived eflter being in a dried condition in the leboratory
for eleven months. These fruit bodies began to discharge sporcs after
ten hourse Germinastion of spores was poor and much slower than those
from freshly collected fruit bodies. The mycelie produced, however,
wore just as vigorous in growth us those obtained from fresh fruvit bodies.
When sporeg from a fresh fruit body were placed in distilled water
three methods of germination were observed after two days. Some produced
long germ tubes very similur to those on ager. A few produccd a short
slender germ tube bearing a single secondary spore {Pl. I, 11). Many of
the spores germinuted by means of several (as meny as eight) short slender
germ tubes (Pl. I, 94, B)e AL the tips of these gern tubes onc or more
sickle-sh.ped oidia (Pl. I, $C) were borne. These measured 3.5u along
the chord connecting the tips, with the actual length about Sp, end in

thickness zbout l}x. Only & few oidia were seen attached to the germ
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tubes. Similar production of oidie by germinating spores of B, glandulosa

wes described and illustrated by Brefeld (4)s Spores fallen in a mass
on moist wood germinated poorly. Some did so by means of secondary spores
and othere by long coarss germ tubes.

B. recisas Spores from fresh fruit bodies germinated within 12
hours after falling on agar. Germination was almost 100% after 3I€ hours.
The spores were single-celled when discharged and some remained so, while
others became two-celled before germination (Pl. II, 1). Germination
was by means of one or two coarse germ tubes, one at either end of the
spore (Pls II, 2, 3). About two or three days after germination many
of the young hyphue produced small straight or slightly curved oidie,
which were 3.5-4M by 1.6 uin sizes These were borne in small clusters
at the tips of the hyphse or on short lateral branches (Pl. II, 3).

Some short pog-like branches bearing oidia were produced from the main
body of the spore. The production of oidia did not prevent the growth
of the hyphse ..or the subsequent form:tion of extensive mycelium. Some
hyphae bore no oidia (Pl. II, 2) but contimued growth to form mycelia.
After 3¢ hours in distilled water very few spores showed any signs of
g;ermingtion. These few produced coerse germ tubes.

E. saccharina. Spores from fresh fruit bodies germinated readily

on agar and after 12 hours hed formed short coarse germ tubes. One to

three germ tubes grew from each spore. Some spores werc two-celled at

the time of germination. About 30 hours after the spores had fallen on

ager, abundant small rod-shaped oidia were observed on the young hyphee

(Pl. ¥V, 1)s They were borne in the same manner as those of E, recisa.

The oidia measured 3.5-Tux 1.5-2u. Brefeld (4) has described and illustrat-

ed similar production of oidia in E. sacchurina var. foliacea.
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E. nucleata, Spores collected from fresh fruit bodies showed less
then 1% germinestion on ager in &ll cases, and those from some fresh
fruit bodies fuiled to germinate at all. However, spores fron fruit
bodies grown in culture germinuted readily on ager with the produection
of long germ tubcse In distilled water some spores germimeted by moans
of e single secondary spore on a slender germ tube, (Pl. VI, 2), and
others by meuns of one (Pl. VI, 3) or two germ tubes similer to those
formed by spores on agur.

Spores which had fellen on moist wood csround a freshly collected
“fruit body germinated poorlye Some produced secondary spores and others
bore small clusters of sickle-shaped oidia at the tips of short ‘slender
germ tubes {Fl. VI, 1) Only one such germ tube wes formed by each spore.
These oidia measured z..S-s.s palong the chord between the tips, about
4-4+¢5 uin acturl length and about 1.6 pin thickness. Besidlospores in
& 2% dextrose solution produced secondary spores.

Other Species. On apgar the gormination of basidiospores was very

similar in Dacryomyces minor Pk., Calocera cornea (Butsch) Fr. am

Guepinis spathularia (Schw.) Fre. Spores of all three species were

one~celled when discharged from the fruit body but they all becams

scptate before germinations Those of (. cormea (Pl. ITI, €) and [
spethulorie becams two-celled and those of D. minor formed four or

more cells before germination (Pl. IIXI, 7). Germination began after

ebout 12 hours on agare One or more coarse germ tubes were formed from
euch cell of the spore. These are illustruted for C. cornea (Pl. ITI, 1, 2)
snd for D. minor (FPle II1I, S). The germ tubee soon brancled sbundantly

und mycelium was formed directly. Similar formation of mycelium in

D, deliquescens wus described by Gilbert (14), In distilled water a
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few spores of D. minor produced coarse germ tubes while others bore
smell sphericel oidia on short sterigma-like structures (Pl. III, 8).
Spores which had fallen in a mass on moist wood produced oidia in the
same manner. Such production of oidia was described by Brefeld (4)

for species of Dacryomyces.

Spores of Tremelle lutescens Pers. germin:sted very reudily on

agar by repeated budding (Fl. III, 12) which continued until there
wes produced a shiny opaque mass of buds, appearing much like a
becterial colony. Some of these buds germinated end produced short
hyphae, a pert of which bore avoid buds or oidis, but for some reason
yet unknown no definite mycelial cultures were formede Basidiospores
which had fallen back onto the fruit body germinated by meams of second-
ary spores (Pl. III, 11).
Macroscopic Appearance of Cultures
Eo macroscopic difference was noted between the monocaryon and

dicaryon mycelia of any species. The mycelia of A. auricula-judae,

E. glendulosa and E. recisu were so nearly alike that in most cases it

was impossible to distinguish between the three species by their arpear-
ance. The mycelia of all three species were pure while, or brownish in

some older cultures of A. suricula-judee =nd E, recisa, with abundant

verial growth. The mycelium of E. recisa was more variable in appear-
ance than that of any other species. In several of the cultures, both
dicaryon and momocaryon, there appeared small, raised dark brown gelatin-
ous bodieg about 2-5 mm. in diameter (Pl. V, 5). These were considered
possibly to be sterile or ebortive fruit bodies and will be discussed
later.

An interesting situation wus found in the macroscopic eppearance
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of ocultures of E., glendulosa, After the monospare mycelia had been in

culture for almost & year, during which time frejuent tremsfers had been
made, it was observed that cultures 23, 24 end 50 had ceased to produce
an abundance of white zerial growth. Most of the hyphae were confined
to the surface or under the surface of the agar. Only cultures 23 and
24 are illustrated (Pls VII, 1A, B), but culture 50 was very similer
in eppearance, Peirings were mude between cultures of different types,
using 21 (Pl. VII, 1C) and 51 as examples of cultures with much fluffy
aerial mycelium. The dicaryon mycelium produced from the mating 24 x 50
grew close to the agar (Pl. VII, 4),much in the same manner as did each
of the two monocaryon mycelia. The dicaryon mycelium which resulted
from the pairing 21 x 51 was fluffy with considerable serial growth
(Pl. VII, 2). When 21 wes mated with 50 the resulting dicuryon myeelium
was somewhat intermediate in its manner of growth (Pl. VIII, 3). Although
no definite conclusions can be drawn from so few results, they do seem
to indicate that the changes in the type of growth of the monocaryon
mycelie influence the type of growth of the dicaryon mycelium produced
when these cultures were muted with others.

The mycelium of E, nmucleata wes white and grew very slowly. The
growth for the most part was low and close to the agar or was bunched
up in a mass with very few aerial hyphae, The monospore cultures all
produced the same t pe of yrowth at first. About six or seven months
after they were started, it wus noticed that a few of these cultures had
produced sectors which were more fluffy end with more cerial growth.
When such a sector was transferred the fluffy condition of the myecelium
persisted. Buch chenges in mycelial growth occured in five monospore

cultures, mumbers 3, 17, 22, 25 and 26. This change was not correlated
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with eny other perceptible character of the mycelium nor with either
scxuul phese, Unfortunately, the cultures were lost due to loss of
vigor and it wus not determined whether the fluffy character wac in-
fluenced by a genetical factor or whether the chenge was due merely to
prolonged growth or artificial media.

The diceryon mycelium of E, saccharins was very similar to that of

E. recisa but produced a more spreading growth and wes closer to the
egare The monospore cultures varied considerszbly in appearance, some
Being more fluffy than others (Pl. V, 3). The masses of oidie produced
in culture appeared as raised, shiny, opaque ereas which were white at
first but lster turned dark brown (Pl. V¥, 2).

The mycelia of Dacryomyces minor, Calocera cornea and Guepinia

spathularia grew very slowly, being quite close to the agar at the edge
and morc bunched up end compact in the center of the culture. The
nycelia of all three species varied from bright orangs to yellow in
color, and a;peared more faded when grown in the darke. Thick, rope-
like, branching upright strands were produced in dicaryon cultures of
C. cornea, When first formed they looked very much like young fruit
bodies but no spores wecre produced by them,
Microscopic Appearance of Mycells
Abundant clemp conmections were produced by dicaryon mycelia of

A. suricula~-judee (Pl. I, 7), E. glandulosa (Pl. I, 14), E. recisa

(P1. 11, 5), B. seccharims (Pl. II, 6), and F. nmucleata {Pl. II, 13).

No clemp connections were prescnt in multispore cultures of D, ninor,

C. cornea .nd (. spathularia. The mycelia of all species branched

fregquently, eithcr acutely or at right angles to the main hyphae. The

hyphae of all species were quite narrow, ranging in most cases from



15

l=4p in width, with & few es wide 28 Sp. In gemeral the dicaryon
hyphze were somewhat wider than the mornocaryon but the difference was

not distinct, The hyphae of A. auriculs-judae were slightly wider than

those of other species. 1In all species they were composed of long cells,
Production of 0idia
As _suricule-judse. The formation of sickle-shaped oidia on germe

inating busidiospoos in water hus been deseribed above. Oidie similar
in shape but slightly larger were borme in clusters on momocaryon mycelia
(P1. I, 6). They measured 3.5-5,5p along the chord from tip to tip,
about 4-6.5 pin ac;bual length snd about le7pin thickness. They were
rarely found in old cultures but were most abundent in young culturcs
about one or two weeks alter the spores had germineted. No oidia were
observed on dicaryon mycslia.

E. glandulosa, 8ickle-shaped oldia in very smull numbers were

observed a few times in the examination of zonospore cultures, espeeially
in numbsr 50. They were {irst observed in this culture about six months
after it wus started and frequent trensfers had been msade in the mean-
time. fThe oidie were similar in size and shupe to those described
above in the pgermination of basidiospores in water. No oidia were
produced on dicaryon mycelia.

B. recisas The production of oidia omn very young monocaryon mycelia,
shortly after the germination of basidiospores, has been described
above. 0idia were seen but rarely in older monocaryon mycelia and
never on dicaryon mycelia.

E, nucleata, Sickle-shaped oidia mecsuring 3.8«C Jralong the chord

from tip to tip, about L.56-7.5 s in actual length and l.4 ),Lin the thick-
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ness vwere found in both young and old monospore cultures. The were
produced in smell clusters et the tips of branches (Pl. VI, 4). Some
cultures produced a greater number than others. The monospore cultures
which changed from a low growing type of mycelium to a fluffly type
apparently also lost the ability to produce ocidias 0idia were elso
sbundant in diearyon cultures, but when examined microscopically none
were found on hyphse which bore clamp connections. It is thought that
the oidia were borne only on monocaryon hyphae.

E. saccharina, The formation of straight rod-shaped oidia on

gernm tubes of germinating busidiosporcs hes been described sbove. When
the monospore cultures were about three weeks old most of them showed
the presence of whitish shiny opaque masses (Pl. V, 2). Microscopic
exanination revealed the presence of very great numbers of straight
rod-sheped oidia measuring 7-1Zux 2-3p» Steining with gentisn violet
showed that they were unirnucleate (Pl., II, 8). In these cultures some
of the oidia were borne in loose clusters at the tips of hyphae (Pl. II,
9) while others were epperently cut off singlys Dicaryon cultures also
prodi:ced sbundent ocidie which were of the same shape but more uniform
in size, measuring 10-l4p(mostly 1&-1:}0 x 2—5)1. These oidia were
observed to be borme directly on hyphee with olamp connections (Pl. II,
6) and apparently were cut off singly. Staining with gentian violet
revenled that these oldis were binucleate (Pl. II, 7).

The production of bimucleate oidia on dicaryon mycelia has been

desoribed by Brodie {5) for Collybia velutipes, by Vandendries (326, 37,

38) for Pholiota aurivella, Trametes cinnabarina end Pleurotus pinsitis,

and by Dangeerd (11) for Decryomyces deliquescens. 1In the last species

the bimucleate oidia were borne on young fruit bodies but they each
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divided to form two uninucleate oidie before perminating.

In Celocera cormea and Decryomyces minor oidia werce produced in both

multispore end monospore cultures. They were mostly ovoid or elliptical
and measured 3-5 x 1-3u. They were borne singly or in small clusters
on very small peg-like, side branches of the :géhizi’4§%é)huclear mumber
of the oidia was not determined, Martens and Vandendries (20) give a
reviow of the presence of oidia in soveral Basidiomycectes.

Germination of 0idias
A fow oldie of A. auricula~judece showed germination in the culture

in which they were produced and also in a 2% doxtrose solution. Germ=
inction wus by means of a fine germ tube about 4«6 long and %P.thick
(P1. I, 5). They failed to gernin.te in water and on egar. Germination
of oidia of E. glandulosa (Pl. I, 15) was very similar to that of A.

auricule-judaes In E. mucleuta slight germination of oidia was scen

in the culture where they werec produced, in weter and on moist ag:r.
Germination was by means of & single fine gern tube 10 long and lu
thick (Pl. II, 12). 1In these threc species only the first stages in
germination were observed end no myecelium was produced.

The oidia of E. recisa perninated readily on agar (Pl. V, 4) and
produced either secondary oidia or branching normal monocaryon mycclium.

The uninucleate oidic of E. saccharina vhich were bornce on monocaryon

mycelia germineted reedily on agsr to produce normal monocaryon mycclia.
The binucleste oidie, borne on dicaryon mycelia, also germinmcted roedily
on ager and produced normzl dicaryon mycclia with clemp conrncetions.

The clumps wore often formed on the ger:m tube rmwur the oidium (Pl, II, 11).
Binucleate oidia were picked out and 37 single-oidial cultures were

obtaineds When exemined «ll of them showed the presence of clemy conmec-
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tions. This indicates thet the two nuclei present in each oidium

represented two compatible sexual phuses.

(P1.111,3)
0Oidia of Calocera cornea ,\e.:nd Dacrycuyces minor also germimted

readily on agar to produce normel myceliua
Production of Fruit Bodies in Culture

Ae auricule~judue. Dicaryon cultures were ;rown on various

medie und under verious conditions of tempersture and light, but mature
fertile fruit bodies were produced in only one culture of collection
III snd transfers from it. This culture was originally sturted for

a monospore culture, but soon afterwurd microscoplic exeminstion of
myceliﬁm revealed the presence of clamp comnections. It is &sémaed thet
two spores belonging to opposite sexual ph.ses had been picked out

by ﬁistake. About six months after the culture wus started, s few
small, rounded, light brown, gelutinous fruit bodies apresred in & one-
month-old trunsfer. Then exumined, many young besidia were observed,
some of which bore four epibasidia (Fl. I, 8). The basidiu were
typicul in appewrance but some were sli htly curved. They were pro-
duced in a definite l.yer but did not form so compact & hymenium as

in & normal fruit bodye A compuratively smull smount of gelatinous
materisl was presemt, und the fruit bodies were less teupgh than those
growing under natural conditions.

Transfers fron one of these fruit bodies contimmed to produce
busidia while transfers from the mycelium begen to fruil alfter thres to
four weeks on agsr. In o flask of potuto-dextrose-poplone agur the
fruit bodies first a;;oured as smull, separate, raised bodies whieh lster
coalesced wnd formed a convoluted gelutiinous body ubout 1 on. in

diameter (Fls IV, 4). The fruiting structurc then contimued growth
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and after some time it had extended to the side of e 5 cme. flask (Fl.
IV, 5). The leter growth wes somewhat raiscd but was not so convoluted
a8 the earlier growthe The basidiospores were normal in size and shape.
Both monospore and multispore cultures were obt.ined from these spores,
but no fruit bodies were formed in any of the ymltispore culitarce nor
in the dicaryon cultures produced by pairing two compctible monospore
culturcss Transfers from e fruiting culture were made to sterilized
sticks of basswood, hickory, osk, =zsh and maples. About four months
later = culture on basswood produced smell but typieally shaped fruit
bodies (Fl. IV, 6). Adout a month later similar fruit bodies were
formed on two d;.fferemt sticks of hickory. ¥No spores or busidie were
found on eny of the fruit bodies on wood.

B. glandulose. No signs of frult body production were seen in

any of the dicaryon cultures. A few dark pray geletinous bodies 1-2
mme in diamcter appecred in monospore culturc number 5. They were
examined and many young basidia were seen. Some of these were septate,
mostly by e single obligue septum but & very few showed twe obligue
septe forming u four~celled basidium. The basidia were mostly atypical
in shape and moasured 1:=20 x 7-8u e A few of the two-celled basidia
showed two short epibesidic (Fl. I, 16) btut no basidis produeced four
eplbasidic. A few typicul besidiosyores measuring 9-12 x 4.56.5uwere
seen (Fle I, 10). No cultures were obtained from these siores. The
mycelium of culture 5 wus examined o-refully for the presence of clamp
connections but none verc found, Nuclear steins were used but all colls
observed were unimcleate. Some transfers from this culture produced
a few small, gray, gelatinous bodies but no bosidia ~ere found in any

of them. lonospore culture B5 alse formed o few smll pelatinous bLodies
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in whioch & greut munber of young basidie were prescnt,but no spores were
seen. These appear to be ceses where fertile but quite atypical .nd
week fruit bodies were produced by monocaryon mycelia.

E. recieas A few typical four-celled busidia with long eribasidis
(r1l, II, 4) were observed in one multispore culture on potato-dextrosee-
peptone agare HNo basidlospores were seen. The fruiting bedy in this
case was merely a brown somewh«f geletinous layer on the ager and vus
partially overgrown by dull brown hyphae.'

In meny of the dicaryon cultures end also in several of the
monocaryon cultures, there eppeared rounded, dark brown, gelatinous
bodies (Fle V, 5) closely resembling normal young fruit bodies. They
ranged from 2«9 mme in diameter, and were usually larger in the dicaryon
cultures. When examined they were found to be rather tough in texture,
mach like that of a normel fruit body. Among the slender hyph.e present,
there were a mumber of round or oblong cclls which res.mbled young
basidia, but none were <ver scen to be septute. It was thought that
these gelatinous bodies represented abortive frult bodies which remcined
sterile, probobly bec.use of unfavorable conditions. BSuch cultwres were
subjectes to vurious envirommental conditions but no recognizable bacidis
were observed.

E., mcleata., 4 multispore culture shoved several small fruit bodies
ef‘ter about four months on prune-corn meal agar. These were cleer,
cushion-like bodies about 1-3 mm. in diameter. Examination of these
shoved & l.rge number of typical basidiospores. Hﬁny young club-shaped
basidia end a smaller numbor of mature four-celled basidisa with four
long epibasidiua were present (Pl. II, 14, 15). In most cases the

epibesidia were longer than those preosent in wild fruit bodies and



frequently the four on a buasidium wore unojuel in lengthe The longer
epibasidla were often onco or twice soptutas

Tronsfers of myoclium from the fruiting ouliures produccd fruit
bodles with mature basidic within 1d duys on potuto-dextroseeperptone
agors Fruit bodles were clso produced on potatoedextrosc r (vithe
out peptone) end on malt agare Monospore culturos wore sturtec Lfrom
the sporos borne in culture, snd out of the 13 compatible peirings
betwosn the monospore cultures seven produccd fyuit bodies., %o sign of
any cemtrol orystul struoture, churecteristic of the wild fruit bodies,
wes goon in eny of the fruit bodles in culture,

¥o frult todies were produced in eny cultures of F. seccharina,

In sach of tso. multispore culiures of Colocors comon o small

yollow, rounded pelatinous tody wus formeds fTheso were vory abypleal
for fruit bodies but With produced forkod basidia (Pl IIi, 5) and
BpOroSe
CGrowth Rutes of Cultures

Dupllonte malt sgar plates of mltiepore ocultures of the difforont
sposles were mode wnd inoubcted et roon temperaturs (ranging from 2le
24° C;, A ssoond ée’t of duplicute cultures were pluced in the ice
tox whore the tompersturs ranged from 10° to 13° €.  The results of

this exporiment oro shown in Toblo 2.

Table 2
Bodial | Orowth Ratos of Diecryon Vyeolie
‘ ]
fedied srovth in Radial crowth rote
16 deys por duy

n0s of .0 O 4 u0 40 0 .0 _ o
Sresics collect ion 219-24° ¢ 107-18C | £1°-24 €30 <18 C
be surioulo~
Judue I 20 132 G mite 1ed rite | Cull Mie
Le glundulose I 44 Titie 5 Col tile | Uel mme
Ee reclse I U e sliht | lel ore
E+ nucloata I s1isht
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¥> great difference was found in genercl between growih rates
of monocaryon and dicaryon mycelie of any species, but in rwst cases
the growth of dic:.ryon mycelia was somewhut faster than that of mono-
ceryon mycelia. The growth rotes of some of the momocaryon ocultures
are given in Table 3. Duplicate plates were grown at room temperature
on malt extract agars. There were, however, considerable difference
between growth rotes of different monoceryon cultures. This is notice-

able when a comparison is mude betwcen cultures 7 and ¢ of A, suricule-

judse, cultures 50 und 23 of E. glandulosa end cultures 206 and 263

(Pl. ¥, 3D, B) of E. saccharina.

Union of Hyphee end Production of Clamp Connections
In E., saccharinae one fusion between young hyphae fron germinating

busidiospores (Fl. II, 10) was scen 30 hours efter the spores had
fellen on ager, or sbout 20 hours after germinotion. 1In E. reecisa
one such union between young hyphae was seen 48 hours after the spores

fell on agar, =nd in E. glandulosa (Pl. I, 17) onc was observed four

days after the dischurge of the spores. 1In these three species clamp
connections were formed within & few hours after two compatible mono-
caryon mycelia met. These observutions were mude on young mycelia
from germineting sporcse

The production of clamp commections in A. euricula-judae seens

to be delayed sorewhet, for in certain multispore cultures clamps vere
first observed 1l to 18 days after the spores hud germinate&. It was
also obscrved that in a pairing between two compatible monocaryon
mycelia elamp commections were not found until the two myeclia had
intermingled suite well.
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Table 3
Radial Growth Rates of Monocaryon Culturcs

no. of R.dial Growth Radial Growth
Species culture rate zfter 7 deys Rate per day

Ae suricule-judae 4 9 mm, 1.3 mn.

" 7 11 ¢ le6 "

" 9 6 " Ce® "

" 101 10 " l.4 "
Fe glendulosa 23 ig » 243 "

" 28 22" 1.7 "

" 30 3 * l.9 ®

" 50 8.5 ® 2"

" 53 3 v l.¢ "

" 55 iz " 2.0 "

" 52 4 " 240 ¥

" 87 i3 " . e O
Ee recisa 4 7 " l.0 "

" 6 7 ® 1007
B. sacchurina 25€ 9 * | 1.3 "

" 257 1¢ » 2.0 "

" 263 5 " 2.1 "

" 265 10 " 1led @

Sexuality

It is still & question as to what characteristics are best to
use a8 & standard in determining the true dicaryon mycelium in the
Basidionycetes. Bose (3) quotes Oort (27) as follows: "As a criterion
for diploid mycelie the occurrence of clamp connections cen only be

of a restricted use. Uscd in comeciiorn with the characteristice
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diploid habit and the diploid fruit bodies it remains, of course, &
valuable criterion", Beeause the spccies studied in the present work
showe: no other distinpuishable differencc between dicaryon and monocaryon
mycelia, and because the production of fruit bodies was rare, the

presence of clamp comnections alome wie teken e an indication of true
diceryon mycelium. By staining myecclia, both those with and without

clamp connections, early in the course of this investigetion the correct-
ness of this assumption wus determined for the spoeclies in guestion.

Dried fruit bodies were revived, or fresh ones were used when
avuiluble. Spores were collected on agar plates :nd single germinated
spores picked out in the manner described ebove. After the culiures
had grown sufficiently in test tubes they were examined microscopicelly
for the presenco of clamp connections. The monospore cultures were
munbered consecutively, glving those from each fruit body & different
set of Arabic numberss The numbcr.of e;x.ch fruit body corresponds to
the number of the collection ol thal species :nd is indicated by &
RBoman numerals. Rarely a culture bccame contaminated and was discardede.
This fact cecoumts for some of the nissing cultures in e sct.

The monospore cultures from ezch fruit body were then paired in
all possible combinations. This wus accomplished by placing bits of
myceliz of two cultures at the sides of en apgur slant inm o 15 mm. test
tubee The puirings werc then pleced under bell-jars in & moist at-
mosphere and left at boou temperature, After about twe weeks the two
mycclia hud intermingled thoroughly cnd et this time & sample wos
removed {ron the line of contact of the two mycelias, 4 1little dilute
ajueous safranin wos usually udded Yo meke the hyphue show more cleszrly

«nd the semples were then examined for the presence of clamp conm ctions



by use of the oil immersion lens,

The prescnce of clamp connections in such & pairing was taken
te indicate thut the two monocaryon myeelia were compatible, or that
they belongec to different scxual pheses. Since only two sexuel phases
were found in euch fruit body, the absence of clamp connections wes
taken, in gemeral, to mean that the two mycelie belonged to the same
sexual phase. However, other factors may be present which influcnce the
compatibility of two monocaryon mycelias In several cases short
branches were scen at septa and these may have been abortive cleamp
connectlons, but unless complete end definite clamps were seen the
results were considcred as negative. Then irregular resulis were ob-
tained the pairings were repeated, but when the results wore regular
only ome mating wuns made between any two monospore cultures, Inm all
tables the 4 sign indicates the prescnce of clamp conneetions, or that
the two cultures wére compatible, and the - sign indicates the ebsence
of‘clamp connections. No special work was done with the phenomenon
of aversion Wt mention is m.de where it was definitely observed. The
presence of aversion is indiceted iﬁythe tables by & dot (*).

Lo auriculafggdae

Fairings of Monospore Cultures from the Same Pruit Rody

Twenty-two monospore cultures vere obtained from fruit body I.
These were paired in all possible combinetions und the results are given
in Table 4. It 1s observe: that the monospore cultures fell into two
groups, bused upon the production of clamp comncetions in certain
combinations. Throughout this puper these groups are called "sexual
phases™, These two sexual phases were designate - geneticully as A and

a. Yhen nmembers of the seme sexunl phase were paired none produceq
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Table 4

A. suriculs~judese. Results of pairing 22

s of fruit body 1.
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clemp comnections. When membors of A were paired with e, clamp
conneetions were found in all but six of the 112 pairings.

Hineteen monospore cultures were obtained from fruit body III
and were paired im all comdinetions. The results are given in Table
S5« The fruit bodies produced by dicaryon nyecelium grown from spores
of fruit body III were desipgnated as Iml’ Several monospore cultures
wore obtuined from then and ten were paired in all combinations. The
results are shown in Table 6. Aversion was present in some pairings
but little correlation is scen between its presence :nd the absence
of clamp connections.

Eleven monospore cultures of fruit body IV were peired in all
combinations and the results are shown in Table 7. It was observed
that several of the pairings showed rather distinct aversion. In
these paitings. three rather distinet types of pairings were observed.
(1) 22 peirings showed a space of aversion between the two mycelis
(Pl. IV, 34, B). (2) two showed aversion in which the gap wes filled
with a growth of dicaryon mycelium (Fl. IV, 3D). (3) 31 pairings
showed even intermingling of the two mycelia (Pl. IV, 3C)e. Clamp
connections were found in only one culture of (1), in both cultures
of (2) end in all but two cultures of (3). The results indicate
that in these peirings there was a rather close correlation betwecen
the prescnce of aversion and incompatibility of the eultures.

Table 8 chows the results obtuined when 11 monospore cultures
of fruit body Va were paired in all combinations. Slight aversion
was seen only in some of the incompatible pairings. The results of

pairing scven momospore cultures of Vb are given in Table G. Tuble 10
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Ao mriculginm. Results of pairing 19
monospore cultures of fruit body IIl.
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Table 6 Crine &
wrimh—ﬁm. Results of pairing ten
:;nmpore eu s of fruit bodz III Fqe
*2 more or 1033 aversion present.
1 1

A\ A

5015025035065 30950%&05508
o0 I Rl A )l el Il

302 - ===
503 T
1[04 ~|—
307 -
Joe
304 .
305 —
308 -

B10

+ 4|+ [+ |+
|+ |+ [+ |+
+ 4+ + |+ F ]+
l:4“|"'f‘+,—|-+5

|
I

al<

Table T
Ae mriglua—gm. Remlt? of peiring 11
monospore cuitures of fruit body IV.
e more or less aversion present.
_ 2 %2
151 152 155 157 161 (153
151 === 1=
L52 e Y e
. J1s5 —~ =]
Agﬁ 157 — =
158 _ -
161
153
L54
156 -,
159

,_.
&

+ |+

+ 1+ +]+
+ |+ |+
A+ F
+ 4]+ |+ [+]B
L+ |+ [+ |+ [+ 8]

l
[
I

/.

B

ap

29



Table 8

A, suricula~judae. Results of pairing 11
monospore oultures of fruit body Va.
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Table 9
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Table 10
A. suricule~judse. Results of pairing nine
moncspore euima of fruit body VI.
A5 a5
N\ A
251 %53 264 (255 257 |2691262|256(258
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253 o il el el el el
254 B o R A
257 —|+{+]|+
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262 — |
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258 ]
Table 11
A. suricula~judae. Results of pairing six
monospore ouim of fruit body ¥II.
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gives the results obtained when nine monospore cultures of fruit body
VI were paired, and Table 11 shows the results of pairing six cultures
of fruit body VII. Nine monospore cultures of fruit body VIII were
paired and the results, given in Table 12, showed that clamp eonncotions
were present in only one pairing (502 x 508), The pairings were re-
peated and clemp commections were found only in the sume peiring. A
culture arising from & mass of spores showed no clamp connections present,
but they were present in fruit body VIII.

From the foregoing r@suits it will be noted that the compatibility
between monospore cultures from the scme fruit body of A. suricula-

Judee was, in generel, quite regular. All fruilt bodies, except VIII,
showed distinetly the presence of two sexusl phases, and all of thsse,
except I, showed normal regular compability between the two sexual

phesess. Such results indicate that the factors for compatibility zre

locatec on e single pair of chromosomes and that A. aguricula-judae is

typicelly "hsterothallie" end bipocler. The resultc obtained vhen
monosyore cultures of fruit body VIII were p:ired among themselves are
quite puzzlinge The faot that one of the peirings produced clamp
comnections would indicate that both soxuel phases were represented

in the nine monospore cultures used. However, if this is true, there
mist exist some conditlon or factor whicil‘ causes & very low degree of
compatibility between the two sexual phases. Such low compatibility
is further indicatec by the fact that no clamp connections were present
on mycelium arising from a mass of many spores. These results are

similar to the condition described by Emiep (17) for A. mesenterice.

He reported finding e fruit body in which clamp connections were

present but mycelium grown from e mass of spores produced no clamps.



Table 12

A. surioula~judes. Results of pairing nine
monospore cultures of fruilt bedy VIII.
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Table 13 Tablels
A. suricula-judac. Results Ae suricula-judes. Results
of pairings votween fruit of pairings between fruit
bodies I and III. bodies I andIV .
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Pairings of Monospore Cultures from Different Fruit Bodies

In most cases two monospore cultures viere selected from each
sexual phese of each fruit body and paired with the two cultures from
each sexuel phase of the other fruit bodiese When pairings were made
between I and Va, the results were irregular, They were then repesated,
using eight cultures from each fruit body.

Monospore cultures of I were paired with cultures of III, IV, Va,
VI, VII and VIII, The results showed that fruit body I wes completely
incompatible with III, IV, VI and VII; ie., no clamp conmections were
produced in any of the pairings. These resulls ere shown in Tables
13, 14, 17 and 18 respectively. In these tables the brackets conneet
the cultures of the same sexual phese. In I x Vao,nly 11 out of the 64
peirings were competible (Teble 15), Even in these the clamp connec-
tions were few and often poorly forweds In most of these pairings the
mycelia did not intermingle readily and all but five of them showed the
presence of & dark brown line where the two mycelis met below the
surface of the agar. When examined microscopiczlly this line was
found to consist of dark brown hyphee much like the normal white
hyphae in other respects, Clamp connections were found in only one
of the peirings between I :nd Vb (Teble 16). Only three of the 20
palirings between I and VIII failed to produce clamp connections and
all these involved culture 3. The results of these pairings are given
in Table 1S. |

Tho four monospore eultures of fruit body III were competible with
all four cultures of IV, Va, VI end VII. The results are given in
Tables 20, 21, 22 and 23 respectively. When six monospore cultures

from III were paired with six of IIIF,, clamp comnecctions were found
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A+ suricula-judae. Rosults of pairings
betwoen fruit bodies I and Va.
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Table 18

Ae auriculs-judes. Results
of pairings %ﬁen fruilt

bodies I and VII.

PN 22 el el el
B52l — |— |— | =

Table 20

A, snricula=judee. Results
of palrings o fruit
bodies IIX and IV.
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Table 19

A+ auriocule~iudse. Results
‘of pairings between fruit
bodieg I end VIII.
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Table 21
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Table 22

A mriuul&-&du’ Results
ol pairings en fruit

bodies III and Vi.
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Table 2%

auricule~judas, Regults
oi‘ peirings %en Pruit

bodies IIY end IIX Py
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Table 23

A. auricula~-judee. Resulis
of pairings n fruit
bodies IIl and VIi.
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Table 25
A. suricula-judas. Resulds

of peirings betwoen fruilt

bodies IIX end VIII,
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in 18 of the 36 peirings in & regul r manner, as shown in Table 24,

. The results show that the two sexual phases of IIIFy were idemtical
with those of fruit body III. The results of peiring monospore cultures
between fruit bodies III cnd VIII (Table 25) were irregular. Clamp
conncctions were present in some and ebsent in others.

Honospore cultures of fruit body IV showed compatibility in all
peirings with monospore cultures of Va, VI and VII. The results are
given in Tebles 26, 27 and 28 respectivelys In the pairings between
IV and VIII only one was compatible. Table 29 gives these results.
Fruit body Va was anlso completely compatible with Vb, VI and VIT.

These results are given in Tables 30, 31 and 32 respectively. Only
six of the 20 peirings between Va and VIII (Table 33) were competible,
Corplete compatibility wos found between fruit bodies VI and VII, and
between VII end VIII. The results are given in Tables 34 and Z5
respectively.

A summary of all pairings of monospore cultures is given in Teble
36« The - sign indicates the presence of clamp connections in every
peiring, while the = sign indicetes their absence in every pairing.

The +- sign indicates irrcpuler results; i,es., some pairings produced
clamps and others did not.

It has already been observed that chen pairings were made between
monospore cultures of different fruit bodies, four different types of
results were obtuineds (1) In the majority of cases clamp connections
were present in every pairing. (2) In some crosses involving fruit body
I, none of the peirings produced clamp ecomnections. (3) In some crosses
involving fruit body I or ViII, clamp conncctions werc found in only

a paert of the pairings, and their presemce aprorently did not corresypond



Table 26

A. suricula~judes. Results
] on frait

o
bodles IV and Ya.
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Table 28

A, aurioule~judes. Results
of palrinze en fruiy
bodies 1V and VII.
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Table 27
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Table 29

A, mricul&-%udae. Rosults
of pairings en fruit

bodies IV and VIII,
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A? nnrimla-%xdae. Regults
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Table 32
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bodies Va end VII,.

v
by " og
201(205|203 1204
Bsl+ |+ |+ 1+
& + |+ |+
+ |+ |+
VII p53
s+ [+ [+ [+
86
B56[ + |+ [+ |+

40

Table 31

A. enriouls-judes. Results
of palrings betweon fruit
bodies Va and Vi.
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Table 38

As surioule~judao., Results
‘of pairings petween fruit
bodies Va end VIIX,
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pairings :
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to any cert.in combination of sexual phases. (4) In the eross III

x IIIFy, clamp connections were found in just helf of the peirings,
or in ccrtuin combinations of sexual phases, showing that the two
scxual phases of IXIF; were identicsl with those of III. 1In the
first, second and third types the results show that no two sexual
pheses involved were identicals This inplies the conception thet
within this spueciss several or many sexual phases are present, only
two such sexual phases being present in the same fruit body, and that
only one pair of chromosomes is imvolved. This view suppases the
presence of the competibility factors as multiple allelomorphs. 1In
the tables the genetical designation of the sexuel phaszes (4, a, Ay
a1s etc.) is entirely arbitrary. The letters with subscripts indicate
allelomorphs of A and ae Following Eniep (17), it is assumed that the
presence of two identieal factors causes incompatibility and that
compalibility results, l.e., clamp connections are formed, when two
somowhat different faclors of the ullelomorphic series sre prescnte
It is further assumed that incompatibility also resulis if there is
too pgreat a difference between the two fuctors preseant. Thiz latter
assunption may serve as & partial explam‘bien‘bf.‘ the low degree of
compatibility between certain fruit bodies, but it also scems quite
likely thet some other factors or conditions are present which in-
fluence the production of clamp connections.

B 41@:&&3105&

Pairings of Monospore Cultures from the Same Fruit Body.
Fifteen monospore cultures wmere obtained from fruit body I and
puired in all possible combinations., The cultures fell imto two

sexual phascs designated a8 A end ae The results, given in Table 35,

42
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Table 38

% gmloau. Results of Pairing
ne spore cultures of
fruit body Ila.
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Table 39

Be_glandulosa. Results of pairing
ten momospore cultures of
fruit body IIb,
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Table 41

dulosa. Results of

hodlies I and 1le.
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Table 42

« glandulosa. Results of
palrings betwe
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were very regul.r and indicate normal bipolarity.

From colleetion II two difforent fruilt bodies, or "lobes" from a
conflucnt fruilbing structure on bark, were selected at a distaunce
of 2 inches upert. These wore designated as Ila end ITb. Nins
nonospore cultures from Ile were peired in all combinaticns, as were
ten monospore cultures from IIb, The results are given in Tables
38 und 32 respectively. Table 40 shows the results of peiring ten
monospore cultures of fruit body V.

Pai.x"ing& of Monospore Cultures betwson Different Frult Bodies

Four monospore cultures were selected (two from each sexual phese)
from each fruit body and paired with those of the other fruit bodics.
The rosults of puirings of I with IIe, I with IIb, ‘nd I with ¥V ere
shown in Tgbles 41, 42 and 43 respectively.

The results of the puirings between IYa and ¥ are shown in Table
45« As the fruit bodies Ila snd IIb werc growing sc close together,
the pairings betwoen them were repeated, using eight monospore cultures
of IIa and all ten cultures of IIb. These resﬁlts are given in Tgble
44, In all the pairings between momospore cultures from two fruit
bodies, the results were very regular. C(lamp comnections were present
in every palring, showing that no two of the semual pheses involved

were idemticals. As in A, suricula-judee, it is considered that the

compatibility factors in E. glendulose exist as mmultiple allelomorphse

The complete competibility between fruit bodies IIa and IIb was
unexpected, becuuse they grow 30 close together. It would seem
probeble thot the two fruit bodies originated from the same dicaryon
mycéliu::z, but on the other hund, it is ,uite possible that they grew

from two differont diearyon mycelia growing on the s-r log. Whetever
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Table 45

Table 43
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the origin of the two fruit bodies may have been, the fuct remains that
the two zexual phuses of IIb were both unlike the two sexual phases of
1=,

The peneticnl designations spplied to the sexunl phescs are given
in the tables.

¥hen the pulrings betwcen fruit bodles IIa end ITb were excmined
it wes noticed that sbundant clamp connections were present in some,
while in others they were present in much fewer rumbers. Preliminary
experiments showed that the low numbers of clemp connections were limit-
ed %o pairings between certain definite sexuel pheses, namely Ry X Ay
and aj X &oe

To determine the quantitotive differences in the numbers of
clump connections, pairings were made between all combinations of
soxual phases, using threc monospore cultures from eache These cultures
werc the following: 21, 28, 24, 27, 28 end 30 from Ila, and 50, 53,
55, 51, 52 end 57 from IIb. Bits of the two monoearyon mycelis were
pleced on malt agar plate: at a dlstance of about 1 cm. apart and
incubated at room temperature. In order to make the conditions uni-
form, it was neocessary to know the exact time at which the two mycelia
came in conmt:ct. This wus accomplished by placing sterilized halves
of covor pglusses into the apgar in an upright position between the two
myeeliu of a pairinge The mycellae were allowed to grow up against
the cover glass which was then removeds Care wns taken not to disturdb
the mycelie any more than necessary.

At the end of 48 hours after the removal of the intervening cover
glesses, the peirings werc examined for clamp connectionss The agar

plate conteining e pairing was pleoced on the stage of the microscops



and exemined with the oil immersion lens at the line of contact between
the two monosrryon mycelia. A drop of aquecus sefranin wes usually added
to make the hyphae more distinct. Areas in which the hyphee eould be
seen clearly and in which the number of hyphae was about the average
wore chosen and counts were made of the olamp connections seen in the
entire field, both on the surfuce of the agar and below the surface es
far a8 the foeus of the lens would reach. Four coumis were m.de from
one set of pulrings and six were made from a later set., The results are
shown in Table 4ue. The numbers in the tedble represent the average
of {he ten counts. In Table 47, which is a surmmmary of Table 46, the
avere o8 {or each combination of sexnal pheses are given. The numbers
in the teble represent the everage mumbsr of clamp commections per
niorosco; ic field for nine peiringe.

Certaein distinet differences between the sexual phases are evident.
The combinations Ay x ay, Ay, X 8y and Ap x a3 showed approximately the
seme munber of clemp conmections, averaging 13.6, 13.0 axd 1340 re-
spectively. The combinations &; x A, and a3 x ep showed & decidedly
en:ller number of clamps, averaging 6«4 and 545 rospectivelys The
mambor i'cunci in pairings of 4; x ay was imbermediate, avereging 10.3.

Statistical date comparing the difforent combinations of secxual
phases are given in Table 48. Stetistically significent differences
were found between the following pairs of combinations: &, x A, and
2] xag, 2] x Ag and A] x a1, Al X Ap and 8 X Ay, Ay B Az and A2 X a2,
a3 X &g wud 8] X 89, Ay X a3 cnd &) X @p, and 23 X a, and 81 X 830
¥o sipnificant differences werc found between M ox Ay and ay x &g,

Az x 8] and Ap X ap, end A} x 8] and Ay X age



Table 46

E«. glsndulosa. Average mmber of clamp connections
or oounta) per microssopie field in
pairings between fruit bodies Ila and Ilb.

21| 2324 28(30]51|52|57

27

50(5.5[6.1[7.5 h‘»S 13.1[13.1[13.914,3[12,
53117,3(6,1| 7.104.6/16 4111 414,712.5[14.6
55|4.8 7.9/6.711.312.6(13.1[12.7/12.0] 8.8
51 11.6128] 92| 52/75 |50
82|52 100105 8.8|6.55.0 5.0
57| 9.8/105| 96 |53 | 4.9|53
27 [15.3)17.110,9
a3 |28 [11,913.212.2
30 1231690125

Ta@le 47
B. glandulosa. Summar: of Table 4€.

Aol 644 | 13,0 | 13.0

8o 1 10.3 55

aj 15,6
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~-Table 48
Statisticel Significarve of the Difforences betwesn the teuns of
Mumbers of Cluwp Comneetions in Verious Comblnations of fomicl Phases

of Fruit Bodies IIg end IIb.

Combinations of Sexusl Phases Actual Actual diflerence
6 Differsnce P

Ay = Ag and Ay X ag 0.525 30 Ted3
A1 x A, and A X &) : 0.798 Te2 206
A x Ap and 81 X Ap 0.(14 646 10,75
A} x Ay and Ay X a9 0.698 646 9446
A X Ay and a7 X 8y 0,449 0a9 200
81 X Ap and 31 X 2y 0.67€ 75 13,02
4 x ap and 8y X By 0.480 448 1.0
A X ap and A x 29 0.879 Sed 275
a] X Ap and Ap X 8y 0.785 0

Ay x &) end Ay X 8y 0.927 0.6 0.086

6 = Standard Irror ol Difference

Attempts were made to determine exaectly whers the diflcrence in
the munmbers of clamp commecltions lay. The number of elarms in relation
to the muiber of septa was counted on dicaryon mycelis. It was found
that the mumber of septa without clamp comections wis very small and
no distinct differcnme was noted between any of the dicvaryon myeslia
observod. It was wlso thoupht possible that o difference night exist
in the robe of diploidization of one momospore culture by cnothers
The metliod employed Yo determine this wos similar to thot used by

mller (8). Yonospore cultures of 53, 50, 52 nund 57 were grown



Table 49

B, ¢lendulose. Pregsence of elamp connections after seven
&ys at given distances from the first point of
diploidizetion and growth rates of dicaryon mycelies

Cultures [Presence of clamps at given distance |Radial growth
diploidized | from first point of diploidization |[0f dicaryon
by mycelium in
1l cm. 2 Cme 3 cme. 4 cme seven days
+ + — —
53 by 28 12 mm.
28 by 53 —+ — — —
53 by 30 — —_ —
b + 12 mm.
30 by 53 + — — —
55 by 28 + —
28 by 55 + -+ -+ —
55 by 30 + — — —
14 mm.
30 by 55 ~+ — — —
52 by 28 + — — —
13 mm.
28 by 52 + - - —
52 by 30 + — — —
14 mm.
30 by 52 + — — -
57 by 28 + — — _
12 IMMNe
28 by 57 + + + —
57 by 30 + — — —
16 mm.
30 by 57 + — — —

o

52
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on agar for 13 days and at this time ome set was diploidized by plecing
bits of culture 28 at their edges. 2 second cel of cultures was diploid-
ized by culture %U. Conversely, Lits of cultures 53, 55, 52 and 57
vere used to diploidize li-day cultures of 28 and 3. Seven days later
smell samples of mycelium were Leken at distances of 1, 2, ¥ and 4 cm.
from the point of first diploidization und pl.ced on frosh agar platese
Lfter now growth hed started they vere examined for clemp conrections
«nd the results are rocorded in Tuble 49« It is scen at once thet in
every case clamp conmections were pressnt &t a distunce of 1 cme This
dist.uce, however, is short enough th.t their preosence can bo accounted
for in every case by the radlal growth of the dicaryon myeccliame These
grovith rates are also given in Table 49 It is also ovident that there
were only slight differences between the growth rates of the diceryon
myoelia. In only three sases were clump connoetiouns found at a distance.
grecter then 1 cohe These were 63 diploidized by 28, which showed olamp.
conneetions at o distance of 2 om., 28 diploidigzed by 55 znd 28 by §7,
botlcl)fwhich showed clamps ob o distance of 3 cms from the first peimt
of diploidigzations AL proscut ne explanstion can be given for these
differencecs

It was also thought thot the guantitatlve difference found in the
munbers of clanp conunectiones might be due to a difflercnce in the exact
time of the first union of the two mycelia .fter the intervening cover
glass wus removed. It seems thet there mey be & grestor atiraction
betwesn certain cultures (il such an attration exists at alil) and es
e reosult ithe union of mycelia may take place sooner thin iIf' o lesser
wtiretion is presents Congequenily, o greater munber of clamp connec-

+ions would be formed within the =8 hours theb elupscd between the



removal of the cover glass snd the counting of the clamps. This,
however, is purely suppositionel and is offercd merely as & poscible
explanetion for the differences found in the mumbers of clamps described
aboves As, yet, no successful attempts have been madeto demonstrate
the presence of such an attraction between compatible mycelia.
E. recise

Pairings of Monospore Cultures from the Same Frult Body

Twenty monospore cultures of fruit body I were paired in all
combinatlions and the results ere given in Table 50. Ten monospore
cultures from fruit body II were paired, as were ten cultures from
fruit bedy IIl. The results are shown in Taebles 651 and 52 respectively.
In all fruit bodies the results of pairings were very regulare. Bach
showed the presence of two distinet sexusl phases, showing thnt‘gz
recise is typleally bipolar.

Resulis of Pairing Honospere Cultures from Different Fruit Bodies

Four momospore cultures of fruit body I wes paired with four
cultures from sach of fruit bodies IY and II¥, The results, which
are shown in Tables 53 end 54 respectively, showed the presence of
clamp connections in every peiring. In the pelrings between cultures
of I1 end III (Table 55), clamp connections were again found in every
pairings BSuch complete compatibility between the monospore ecultures of
different fruit bodies shows that no two of the sexual phases vere

identicel. As in A. suricule-judae snd in E. glandulosa the compatibility

factors ars considered to exist as multiple allelomorphs. The genetieal

designations of the sexual pheuses are given in the tables.
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Table 50
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Table 51
Ee recisa. Results of pairing ten
monospore eulturcs of fruit body Il.
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Table 52

E. recisa. Results of pairing ten
monospore oultures of fruit hody I1I.
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Table 53 Table 54

E. recism. Results of pairin~s E. recisga. Results of pdiringe
: it bodies I and Il Tetween fruit bodies I end III.

I

A a A 1 a
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Table 55

B, recigs. Results of pairings
betweon fruit bodies II amd Il
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E+ saccharing

Two fruit bodies of the only collection werc chosen and designated
a8 Ja and Ib. Seven monospore cultures of Ia were paired in all com-
binations end the results are given in Table 56. The results of peiring
16 monospore cultures of Ib are given In Table §7. The monospore
eultures of such fruit body fell into two sexual pheses snd showed
normel bipolarity.

Four monospore cultures (two from each soxual phase) of la were
peired with four cultures of Ib. Clamp comections were found in
every pairing. The results are shown in Teble 58. Apain, es in
E. glendulosa, complete competibility was found to exist between

monospors cultures from two fruit bodies growing very elose to each
other.

A few multispore cultures were obtnined from one wild fruit
body, but owing bo the very poor germinatlion of the spores no mono-
spore cultures were secured at this time. Monospore ocultures, hovever,
were obtained from spores borne on fruit bodies in oulture. These
cultures grew very slowly ond several of them either became contamineted
or died out bscause of loss of vigor. Elsven eulturcs were paired in
all combinations (with the exception of & few pairings) and the results
ere given in Table 59. The blanks in the table represent no pairing
due to loss of cultures. Culbtursea 3, 14, 15, 17, 2€ snd 27 fell inbto
one sexual phase, while 12, 13 and 22 fell into e second sexual phase.
All members of the first phase were compatible with all members of the
second. Cultures 25 end 30, however, were exccptions to the normal

polarity in their resctions. They were incompetidle with all other
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menospore cultures snd elso with each other. It is mot possible to
tell from these results whether these groups represent three soxual
phases of a quadripolar species, or whether E. mucleata is typically
bipolar and thut cultures 25 and %0 were merely coxceptions to the
normel polarity. The latter view seems the more probable. In Table
59, the ® sign represents the production of fruit bodies with matare
basidia .nd basidiospores. It is interesting to notec that none of the
pairings in which culture 12 wes involved produced fruit bodies.
Attempts to Hybridize Species of Exidia

Four momospore cultures of E. glandulose I were paired with four

monospore cultures of E. recisa I. No clamp conneciions were found
in any pairing. The results are given in Table 6C. Poirings were
alsc made between cultures of E. gaccherina Ia and E. reocisa I. The

results are glven in Table 6ls Again no elamp connections were found
in any of the pairings. No indicstions were observed of the presence
of fruit bodies or any kind of gelatinous bodies.
DISCUSSION

The torms used by different authors in deseribing the sexuallty
of the Basidiomycetes v.ry to a cortain extemt. The term “sexcs"
has been used by a pumber of investigators to apply to the different
groups into which the monmospore cultures fall, based upon the produstion
of clamp connections when they are peirél with othor monospore cultures
of the s.oe fruit bedy. "Sex", in its fundemcntal sense, seems to
imply the fusion of muclei st some stage in the life of the fungus.
There is some evidence to indicato thut the union of nuclei and the p
production of basidie do mot alwanys follow the U"39R of mycelie :md

the formetion of clemp connections. Brunswik (6) found that certain
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diceryon mycelia of Coprimus fricsii arising from the union of two

monoceryon mycelia produced fruit bodies with meture basidia end spores
while under the same conditlions other dicuryon mycelia did not. Dickson

(12) found the ssme conditions in C, spheXerosporus. A similar situation

wes found in E. nucleata in the present work.

Coasidering the fungi in general, the term "sexes" is most common=
1y used to distinguish two individuels, one of which :cts as male
and the other us female. This conception includes the passage of
miclei from only one individual (male) to the other (femele), In many
fungi, however, this is not the cuse. Buller (9) hes shown that, in
Coprimus legopus, twe compatible nmycelis mey unite and there would

follow an exchznge of nuelei, sco that esch moncearyon mycelia becomcs
diploidlized by the other. It seems more rezsonable to consider that
in such fungi, sexuulity is present but with mo distinction between
mzleness and femsleness.

For thess reasons, "sexos" dovs not ssem the most eppropriete
Yorm to use in referrin; to the different groups of monocaryon mycelia.
Other terms huve been used for thesc same groups. Brodie uses the term
“sexuel groups®, Dickson (12) uses “pairing groups”, while Bessey (2)
uses the term "gexual phases”. This latter term, "sexusl phases" is
used throughout the present peper in the same sensc that “sexes"™ has
been applied to many of thc Basidiomycetes,

Heny investigators hove used the term "fertile" to describe the
presence of clemp ecommections in & pairing of two monoesryon myecelia
and the term “sterile™ when no clump connections were produced in such
& pairing. The term “fertile", however, secems to arrly more appropri-

etely to the production of spores, or :t leust to the formetion of fruit
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bodies. Following Smith end Brodie (81) end Bessey (2), in the present
paper the term "compstible™ is used to describe two monocuryon mycelia
which unite, with subsequent production of dicaryon myceliur (indicated)
by the presence of clamp commections). The term 'incomputible" is
used to describe monocuryon mycelis, which when paired, do not produce
dicaryon mycelium,

The results obtained from pairings of monospore cultures of the

sume fruit tody of e.ch specics indicute that f. suricula-judee, E.

glundulosa, B. reciese and E, sacchurina are typically bipoler. The

peirings of monospore cultures of one fruit body of E. nucleata did
not show noimal bipolarity and it is not known whether the species ie
normally bipolar or quadripolar.

The falling of the monospore cultures of a fungus into a certain
mumber of sexual phases based upon compatibility is considered to be
due to the presence of one or two pairs of factors which follow the
simple Mendelian ratios. Kniep (17) has called these ®copulation
factors”. Butler (10) quotes Brunswik (7) as follows: “Brunswik
has interpreted identical phenomena [;eferring to the presence of
Kniep's copulation factors] in his experimentel matcrial by assuming
the operation of sterility factors. He assumed that autogamy is the
fundsmental process in both momcecious und dioecious fungl; that is,
both have ths same genotypic censtitution ¢s fur =& sex is concerned.
Heterothellism is determined by the addition of inhibiting or sterility
factors, :nd mutebility and sllelomorphism arc linked with these
rather than with the reel sex fuctors®. ¥Thether the condition of
sexual phases is to be considered as due to the prescnce of "sterility

factors" or due to the absence of {factors which may be ealled "copulation
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feetors” or "con@étibility fictors”, scems to be mainly one of term-
inclogy.

Scattored irrsgularities were found in the results of the pairings
of monospore cultures from fruit bodies I and VIII of A, euricula-
Judee, These were represented by constant incomputibility between
certain monospore cultures belonging to different sexual phuses. Such
irregularities or deviations from the normsl polarity are similar

to eonditions reported by Vandendries (35, 36} for Paneolus campanulatue,

P. separatus, Coprimus micaceus and Leptoporus inberbis; by Kniep (17,

18) for Schizophyllum commune; by Brumswik (€) for Coprinus picaceus;

by Dickson (12) for €. sphuerosporus; and by Zettler (44) for Collybia
velutipes,

Concerning the pairing of monocaryon myeelia from the sume fruit

body of C. sphaerosporus, Dickson {12) says, "It is considered that

the two pairing groups are due to a single factor difference, but the
evidence is not sufficient to show whether the various degrees of
sterility exhibited arc due to the presence of incompatibility factors
and, if so, how many such fuctors are concerned®. Vandendries {3¢)
stotes thet the tendency toward “sterility"™ between the two "sexes”

of Leptoporus inberbls is probably due to "une déficience des réalisateurs

sexueles®, Kniep (17) atiributes such deviations from normal polarity
to guentitative gene changes.

It has boen dbserved in the presemt puper that mithin the sime
specics complete compatibility wus found between the three collections

of E. glanduloss, the three collections of E. recisa end between five

of the seven collections of A. suricula-judee (111, IV, V, 'VI, VIII).

Two of the collections of A. asuriculas-judee were {rom Nebraska, two
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from Jowa and one from North Carolins. In addition to the compatibility
betwoen collestions, complete compatibility was found between two Pruit

bodies of the same collection of A. guricula-judaee (Ve and Vb)e. 7This

was also true for two frult bodies of L. szccharina (Ia and Ib) growing

on the same stick within 12 inches of each other, and also Tor twe

fruit bYodies of E, plandulose (IJa and IIb) growing but two inches upert,

Complete compatibility between two or more fruit bodies growing
either al some distonce apart or near one another has been reported

by Iniep (17) for Schizophyllum commune, Aleurodiscus polygonius,

Collybia velutipes, C. conigens, Cs cirrhata, Armellarie mellea snd

‘Co;»rims fimetariuc; by Brunswik (6) for C. fimetarius, C. comabus,

C. niveus, C. picaceus, C. lagopus and C, frieeii; by Hamma (15)

for €. lagopus; by Newton (26) for C. rostrupiams; by Vandendries

(32, 33, 34, 36, 39) for ¢, radiens, C. micaceus, Pancolus compamlatus,

Trametes suuveolens and Hypholoma sublateritium; by Mounce and Macrae

(23) for Lenzites ssepiaria, L. traoea and Tremetes americane; by

Mounce (22) for Powes pinicole; and by Armold (1) for Marasmius

clongetipes, Vandendries (24) comcluded from his work with Coprimis
nmiceceus thet peirings between collections of the seme region vere
compatible and that, in general, pairings betweon ver; distant
collections were incompstible. Severrl exceplions were found to this
ceneral rule.

Complcte incompeatibility was found in A. suricule-judae vhen

pairings wore made between fruit bedy I and esch of fruit bodies III,
IV, VI end VII, Partiel incompetibility was found betwsen fruit bodies
I and Va, I and ¥b, I and VIII, III and VIIXI, IV end VIII end Va and

VZIX. Fruit bodies I encd VIII were collected from conifercus hosts



&énd had longer spores them the other fruit bodies, which were collected
from deciduous hosts. It is sugzested that the veriation in the

spore leungths of the dif ferent fruit bodies, or the difference in the
hosts, or both, moy be associated with genetic differences in the fruit
bodies great enough to infIuence the compatibility of the monocczryon
myeeliaes Similer cases of complete or purtial incompatibility between
fruit bodles of the same spocies have been reported by ¥niep (17) for

Schizophyllum commune and Collvbia cirrhata; by Brunawik (6) for

Coprimus cometus; by Vandendries (34) for C. micaceus; amd by Mounce

(22) for Fomes pinicola,

Several different thoories hnve been advunced in an attempt to
explain the sexual phenomensa in the Basidiomycetes. Among them are
the theory of ;emzal mutations, the theory of reletive sexuality
advenced by Hertmawvm (16), the theory of mmultiple "sexes", and the
theory of mmltiple allelomorphs advenced by Kniep. Hsnne {15) states
that "the sex factors for a given species may be undergoing frequent
mitations with the result that new sexual strains are contimially
appearing®s In spoaking of the "ecomplete interfertility"™ between

different geographic races of Coprimus rostrupisnus, Newton (2€)

528, "essssex wWhile each strain is bissxuul, the speciss as a whole
mast be regarded as multisexual". Xniep (17) comsidered that the
comrlete intercompetibility between two fruit bodises was due to
gquantitetive gene changes and thet multiple allelomorrhs were involved.
Ho olso stated that incompatibility vetween fruit bodies of the sane
species mey be ceused by too great & quantitative difference in the
cenes, or may be due to secondary factors. FRnicp's thoory of multiple

cllelomorphs scemns Lo be the best for interpreting the results obtained

€6



in the present work.

Considering thet the compatibility factors exist as multiple
allelomorphs, the question arises whether certain pairs of factors
produce o stronger degree of compatibility then others. &n oppor-
tunity to study this question urose when all monospors cultures of

E, glundulosa Ila were found to be compsatible with all monosrore

eultures of IIb and a greater mumber of clamp connections were found
in certain ecombinations then in others. The assunption is made in
these exporiments that the greater mumber of elamp conncetions ine
dicates a sironger degree of compatibility between the two monospore
cultures involved. The results given in Table 45 would then indicate
e mich stronger degree of compatibility between Ay and a,, A, end ess
4y end ap, and &y and Ay, then existed between A; ond Ay, and ay end
age If the mumbers of clam connections can be considered, in this
case, as representing differences between members of an allelormorphiec
series, it is found thst ay end &o are the most similar, with Ay and
As only slightly less similar. The greatest difference would be
between A; and &y, with A, equelly different from a; end s,. It

nmay, therefore, be concluded that in B, glandulose the compatibility

factors may show varying degrees in the strength of compatibility

when they are peired.
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Diploidizetion experiments with wonospore culiures of E, glandulosa

showed that in only three out of 1€ cases was the diploidizetion rate
distinctly greater thun the growth rute of the dicaryon mycelium in

the sume pairing. The differcnces in the nmumbers of clemp conncetions

produced in various pairings, therefore, canuot be due (ct lesst in all



cuses) to o differential diploidization rate. It is suggested that
there may be a greater stiraction between certain monocaryon mycelia
than betw:-en others, but s yet, no means have becn found te domone
strate this,

SUMMARY

le A. puricula-judae, E. glandulosa, B. reeisa ond K, nuclesta

were found to bs "heterothallic®™ and bipolar.
2, Pairings between monospore cultures from seven fruit bodies

of A, auricula-judac showed thut five of then werc completely compatible

with euch others Iwo fruit bodies showed vurying degrees of incompatibility
with the others and between themselves.
3« Cormplete compatibility wes found botween four fruit bodiss

of E, glandulosa, even bebtween two which were growing only two inches

aparte.
4e A difference wus found in the mumber of clemp comnections
formed in paoirings involving certain combinations of sexusl phases

of two completely competible fruit bodies of E. zlandulosa.

5. Cousplete compatibllity was found between three fruit bodies
of E. recisa.
6. Complete compabibility wus found between two fruit hodies of

Ee sacchurine growing wilhin 12 inches of one enother.

7« The theory of multiple allelomorphs sesms to serve as the

best explanation of the results obtained.
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Explanation of Figures in Plate I
Figs. 1-8, A, suricule-judae. 1, basidicspores; 2, 4,

basidiospore germinating in water by means of oidia, B,
oidie produced by spores in weter; 3, 4, busidiospores
gei'minating on agar; 5, perminating oidia; 6, monocaryon
hyphee bearing oidia; 7, dicaryon hypha showing clamp connec-
tions; 8, basidium from fruit body in culture., Figs. o-17,

E. glanduloss. 9, A, B, basidiespores germinating in water,

C, oidia produced by spores in watery 10, basidiospores;
11, busidiospore producing secondary sporey 12, 13, basidio-
spores germinating on egar; 14, dicaryon hypha showing clamp
connections; 15, germinst ng oldia; 16, two-celled basidium
with two epibasidie, produced by monocaryon myceliumg 17,
union of two young hyphae fron germinating baesidiospores,

arrows point toward spores.



PLATE T




Explanstion of Figures in Plate IX

Figs. 1=5, Ba recisa. 1, besidiospores; 2, besidio-
spore germinating on ager; 3, same as 2 but showing produc-
tion of oidia on young hyphae; 4, four-celled basidium
produced by disaryon myeellium; §, dicaryon hypha showing

clemp connections Figse. 6-11, E. saccharinae 6, diceryon

bearing oldia, also showing clamp connections; 7, binucleate
oldie from dicaryon mycelium; 8, unimucleate oidia from
monosaryon mycelium; 9, monoc:ryon hypha bearing oidiasj

10, union of young hyfh&e from two basidiospores; 11, bi=-
mucleate oldium germinmating on ager showing clamp conncetion
on the germ tube. Figs. 12-15, E. nucleata. 12, germinating
oidiag 13, dieuryon hyphe showing clamp connectiony 1l:, 15,
four-celled busidie showing septate epibassidia from fruit

body in cultures
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Explenation of Figures in Plate IIX

Figs. 1-6, Calocera cornees 1, 2, bausidlospores perme-

inating on egar; 3, oidie germinating on esgar,; 4, hypha
from monospore culture producing oidie; 5, basidium from
fruit body in culture; 6, basidiospores from fruit body in~

culture. Figs. 7=10, Dacryouyces minor. 7, basidiospores;

8, besidlospores produeing oidia in water; 9, basidiospor
gerninating on agar; 10, hyphs from momospore culture pro-

ducing oidiae Fipgse. 1ll-12, Tremelle lutescens. 11,

besidiospore germinating by means of sscondsry spore; 12,

basidiospore gorminating on ager by budding.



PLATE 1T




Explonction of Figuros in Plate IV

211 flgures A, curicula-iudes, 1, basidiospore

producling secondery spore, X70503 2, oidius procucod by
gorainating busidicapores in woler, X750 3, pairings of
monospors cultures from fruit body IV, X7/8: 2, wversion,
1585 = 1867, B, aversion, 157 = 1lGl, G, even intormingling
of mycelia, 157 x lfu, I, aversiocn with gap filled with
dieeryon mycelium, 1864 x 1573 4, young; fruit bodies in 12
doy agar culiure, X4/53 5, same culture ez 4, ‘hroe weoks
later, 34/5; 8, fruit bodios growing on dasswood stick,
X3/5.



PLATE 187



Explenstion of Figures in Plate ¥
Figs. 1-%. E. saecharina. 1, basidiospors germinating

on ager and producing oidia, X4003 2, monocaryon cultures
showing shiny masses of oidia, A, culture five weoeks ol4d,
B, culture three weeks old, X7/8; 3, monocaryon mycelia,
A, 265, B, 263, ¢, 257, D, 256, Xk

Figse 4, 5, E. recisa. 4, oldia gerninating on agar,
some procducing mycelium and others producing secondary
olidia, X750; &, sterile gelatinous bodies produced by,

A,dicaryon mycelium, B, C, mouocaryon mycelis, X7/8.
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Explanation of Figures in Pl te VI

All figures E, mucleats, 1, basidiosporc germincting
on moist wood end producing oidie, X700; 2, basidiospore
forming secondsry spore in water, X7503 3, busidiospore
formming long germ tube in water, X750; 4, monocaryon hyphae

nroducing elusters of oidia, X750.



PLATE m



Zxplenation of Figureos in Plate VII

All figures B, glandulosee 1, monospore cultures, A,

23, B, 24, C, 21, X3 2, dicaryon myceliun formsd by pair-
ing monos; ore cultures 21 a.n.d 51, X4/53 3, dicaryon mycelium
formed by padring monospore cultures 21 and 50, X4/5; 4,
dicaryon mycelium formed by palring monospore cultures 24

wnd 90, X4/G.
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