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I. gﬁtroductioﬁe

In 1918 mMlle Bensaud@l) brought fer@ard sxperimental and cytological

evidence which appeared to prove that Coprinus fimetarius is heterothallic; and

in 1919 Hans Kﬂi@pﬁjg aftor making & similar investigation, came to the conelu-

sion $hat heterothallism is characteristic of échizephyllum commune aad of a numﬁ»
oy of other Hymaﬂamyaetesa

In 1921, in = peper published in these Transactions, I recorded thet

‘elemp-conmections had regularly appesred in myceliz of monosporous origin in

Qoprinus sterquilinus, . stercorarius, C. lagopus, and C. niveus, aad that I had

3)

therefors come 1o the conclusion that all these four species are homobhallic.
This paper was sent to England for phblication in May,1921. The following au%umﬁ,
on resuming my investigations I made a large number of monosporous cultures of

GCoprinus lagopus but found to my surprise that in not & single ome'ef them did

any clempeconnections make thelr appearance. The spore-deposits used for making

1} Vathilde Bensaude, Recherches sur le cycle dvoluti? ot la sexualitd ches
les Basidiomycetes, Nemours, 1918, pp. 1-156, nine plates.

2) Hans Kniep, {lber morphologische und physiologische %eschle chisdd £ eranzierung‘,
Verhandl. der Physikal.-.med. Geseblschalt zu Jurzburg, 1919, pp. 1-18.

Irene Mounce, Homoihalliem and the Producticn of Fruit-bodies by Wonosperous
, . - k4

¥yeelia in the Genus Coprinus, Trens. Brit. Mycolog. Soc., Vol.vii, Dec,yl92},

pps 198-217. '
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the cultures described in my previous papér hsd besn destroyed; so that it wae un-
foriunately impossible o investigate them again. Tha.speres in my new cultures,
therefors, haed g different origin to ﬁhasa’previeusly smployed. Suspecting that

the stralag of the fungus used in ny new inves%igatiah wore heterothallie, I‘%xied

the effect of pairing the mveells. The results of this operation were sipilar ‘o

thoge obbained by ¥lle Bensaude and Hans Enlepy eertzin pairs of wycelis srodused

clanp-connections in large numbers and othsrs never produced any ¢lampeconnections

at alls . Horeoveyr, the pairs of mycelis which produced clamp«ﬁenﬁectiona wave rise
to perisct fruit-bodies, whilat those pairs which did not product eclamp-connections

gave vise only to imperfest fruit-bodies. I therefore came to the conclusion

thet the sirains of Coprinus lescopus used for ny new investigation wers heterothall-

ig. It then seemed highly dssirsble thet I should re-investigate the mycelia of

Coprinus sterquilinus, G. stercorarius, and G. niveus. I therefore mede 2 new
series of culturss for eazch of these species. with Coprinus sterquilinus and C.

stercorarius, I obtained resulits exsetly similsr to those already recorded: clamp-
~connections appesred regularly om all the mycelis of monosporous origin. My con-

‘clusion that thesé two species are homgthallic was therefore confirmed and strongth-

enod. %ith Coprinus niveus , just as with C. lagopus, I found that in a series

of monosporous culiures not = single mycelium gave risé to clamp-connections, but
that,on pairing the myeelia, some pairs produced clamp-conunsciions abundantly and

some peirs no clampeconnections whatever. I have therefors counvinced myself

that the strain of Coprinus niveus used for my new investigation is he%@rc%hallica

The object of this paper is to bring forward further evidence in suppert

of my previous conclusion that Coprinus sterquilinus and G, stercorarius are homo~

thellie and tc show that Coprinus lmgopus snd C. niveus are not always homothallis,

3)'

as I at first believed, bui are often, and perheps as a rule, he%eréth&lliee”

1) These results wepe communicated to the Nyeologicsl Scction of the Americun Boten-
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IZ. - friteria of So%.

This paper is to be regarded as = continuation of the one slready pube
lished. Here, therefore, 1t will no% be necessery to discuss the eriteria 30?
distinguishing a homothalliec species of Coorinus from & heﬁeranhallzc one in ﬁew

bail; and it will be sufficlent for our present purpese to remind ihe rosdar 67
the folleowing fughs. Hlle Benﬂauﬁ@ and Hens Knlep, working independently, have
~shown thet the proessucs of alampecsﬁﬂeanzaas on a mycelium is asspeiated with di-

caryons and the conjugate division of the nuclsi. Glamg»csnnecﬁi@nsaagg* there-

arne ;
feragian outward and visiblse sign that the mycelium on which they arise is in the

diplpoid and ﬁatf§he heploid GOJ(i icq. A species of Coprinus pr@duéing clampe-
~sonnections is bam@%hallic if &1amp@can%ecux@&a are regularly foraad on mycelia of
wonesporous origin, or if eldﬁpwﬂaanectlgns are farﬂad on compound mycella arising
from spores sll of gn1¢n have been derived from e single fruliubody produced from
a mycelium of mbﬁ@ap@é@%s origin. | A speciésyef Coprinus preducing clumpe-connece

+tions is hetargtha@li@ if clempeconnections are not formed on mycelia of mOnospor-

ous orizin buk enly upon compeund mycelza produced by the union of two mon@spmraus
mycelia presumably of epvosite sex.

Mlle Bensaude, working with Coprinus fimeﬁarius, came o th~ conclmsm@n

that, in 8 hemsrczhallzc species, mongsporous myeelis are always sterile. However,

Eniep has dlqcovemed that, in ;chizaphyllum commune and certain other spaeiea of

ﬁywanomyce%as which are heterothallic, fruitebodies sometimes appear on mygelia of

wonosporous origin and of haploid nature, one nucleus Tinally entering each basid-

ium instead of two. Fruitebody production in a heterothallie species, therefore,
1) cont. o
ieal Society at the Toronte meeting of the Awerican Assoeiation for the Advancement
of Science, Decembor 33921, in 8 paper entitled: Homothallism and Hebterothallipm

in ths @aﬂus ngrlnas= bu% no abstract of this paper has been published.

[
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is not necesscrily bound up with the diploid condition of the mycelium; so that
if, on experimenting with a new species, one finds that a ?réit»body is pradue&é

on & MoNGsSPOrsus mycelium, one is not justified by that faet alone in regarding

the species as homothallic. Nevartheless, from my own'exparienca with heterethalle

ig strains of Goprinus lagopus snd C. niveus, ¥lle Bensaude's experience with

Qeﬁriaus‘fime%arfus, and Kﬁﬁep'e experience with Sghizophyllum commune, I en of

the opinion that, in s heterothallic species, fruiting takes place either not at

all or much less readily and less perfectly on & monosporous mygelium than on a

compound mycelium formed by the union of two myeelia presumably of opposite sex.
ZEK 9 &'ﬁ‘l@)d@ °

The isolation of myceliz of monosporous origin by gléﬁing out spores in
dung eger wos accomplished in the manner already described in my first paper. How-
ever,yéwing +o the provision of a new and improved sutoglave, ithe culture medium
was sterilised at 15 pounds pressure instead of T pounds.

The pairing of mycelin of monesporous origin in the tests for heterothall-
ism was offected as follows. The monosporous mycelia were first growa separately
upon dung-asgar plates or in wide teste-tubes contasining horse dung, =nd then por-
tions of the mycella were placed in pairs on dungeagar plaiesL In making an ine
oculation from two plate cultures, & small plece of myceliumecovered sgar aboﬁt
7 - 10 mn. square wes removed by mesns of = sterile @laﬁinumvlﬂcp from sach of tuwg
plates, =nd these twe pleces of agar were placed sbout 2 aw. aparﬁ in the middle of
a freshly-poured dunge=ager plate. | In making sn inpcoulation frem/two du;gwtubas,
the procedure was the same, except for the faet that the two pleces of 1y celiume

~coversed dung wers ?amoved from the tubes by mesns of sterili%ed forceps instend of

by a platinum loope.
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After portions of two monosporous mycelia had gaan deposiﬁaa NB&T ONe ane
pther in an sger plate, the hyphse soon begen to gré& radially eutwérds through the
agar; and, after a fev days, the hyph&e of the two mycelia cems into ¢ontast ina
line paseing through the centre of the plaie, so that fusions ceuldvtake plaes be-
tween them. At the end of 7 « 14 days from pairing, the compound mycelium was exame;,
ined under %h@Thigh power of the microscope for the presence or absence of clampeganef~

nostions.

In the heterothallic strains of Coprinus lagopus snd of G. niveus, a primary

{haploid) mycelium differs from & secéﬂdary ( diploid) mycelium in several ways.

(1) A primery mycelium produces oidia in great abundance buil a secondary does not.
(2) 4 primary mycelium does not bear elemp-connestions, whereas e secondary bne does
on all the stouter hyphae. (3) 'The branching of 2 primary nyecelium ies rélativaly
irreogulor, whereas in n secondsry myeelium 1% takes place on all the lezding hyphhe
at o definite amgle. (4} It was also neticed thet in a primery myeelium the aer-
ial hyphae a?ékmore abundant and, thersfore, cellaciively,&re Lo e wnogé in appearu
anee than in a seeondsry wmyeelium. - QOwing to these differences betwsen a primary

‘ a .

and a secondury wycelium, one could ususlly tell mfcroscopicalxy, 7 w»ld days after
’pairiag, vhether the sexes of any two paired myeelia woere the sume or di?féranta

Microscopic observetion as to the presence or sbsence of clampeconnections, thsrefore,}

usually confirmed what had been surmised by examination with the naked eys.

I¥s Coprinus sterquilinus.

The seriss of menosporous cultures of Goprinus sterquilinus of which I

gave an aeccount in wy Tiret naper has besn extended, =nd now fruditebodies have been

ebtained from wonosporous mycelisn for seven successive generations. When grown

under similsr conditiens, the myceliz of the seventh monosporous generation were found
to frult just as readily and as perfectly as cam§0usd'myceiia derived fronm many

spores of & wild fruit-body.
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ﬁlam?»a@nﬁectians vere found in the new culitures; (1) on sach of two my-
celia which originated from single spores produced by a frult-body of the sixth suc-
cessive monesporous goneration, snd {2) on sagh of four myceliz which originatsd from
single spores sroduced by a fruiiebody of the seventh successive monosporous generae
tion. These results wre ia compleis agcord with t'mse given in my first papsr.

The additional facts just deseribed, which agsin show thet monosporous mycel-
in @rnduce‘clamp~30ﬁnectians and frullt readily snd verfectly, ﬁffﬂ?ﬂ strong confirme-
story evidence of the corrscinesse ef the conelusiecn tb wiieh I came in wy first paper,

namely, that Copriaus sterquilinus is homothal ie.
Iy , A .

Y. Coprinus stergorarius.

In @ new series of monosporous cultures of Coprinus stercorarius, €lump =

’

~oonpnections were formeds (1) on sach of three mycelis which originated from single
spores of 8 wild frult-body, and {2) on ggch of six mysgelia whieh originated from
single spores nroduced by a fruit»bedyvcf menosporsus origin.  All thase nine mycelis
produced clampeconnactions twe days after isolation snd transfersnce tc a now plates
They , ﬁh@?ﬁf@?ﬁ; behaved axaa%iy like the monospe rous mycelia described in my‘firs%
DRDEr .
Three of the mveslia of tée second series (2) were sllowed to cantiﬁue their

development on dungesger plates; and there they producgsd small perfect fruit-bodies

which shed gporss. It thus was proved thei monosporous myeelin of Coprinus

storgorsrius, oven of the second monosporous generation, are sble to fruit in a perfect
ly normal menner. ‘
: : a.
The additional facts just deseribed, which ageln show that monosporous mycala;

produce clamp=connections wnd fruit readily and perfectly, afford strong confirmatory

ovidence of the correctness of the coaclusion to which I came in my first paper,

namely, thel Coprinus stercorarius is homothallic,




#1-

1 i s .
grefald“) shows clamp@cannectlcﬁs ag pecurring on g Monosporoud myssliium

of C. stercorarius. His observations and my own are, therefors, in agcord. On

, X N R . , s R . cid
the other hand, ¥niep, ? without giving detalls of his evidencs, states thal this

fungus is heterothallic. It is, theorefore, possible that theps may be in existe
ence both homothallic and heterothallic sirains of §. shercorerius. Furthey ox-

periment with diverse strains obisined from different localities ¢an slone teach

us the truth sboub this‘mattere*

Untersuchungen, Lelpzig, Heft III, 1877, p. 2064 under Fig. 3, b;
ig 3 9;2’

1) 0. Brefeld
also Tal.J

2) Hens Kniep, loc. cit., »-13.




VI, Coprinus lasopus.

In the sories of experiments upon Coprinus lzzopus recorded in my firss

paper E found that elampeconnections developeds {1} on each of several myselia of
wonoBporous origin derived froyg the spores of a wild fruitebody; {2) on sach of thraa
mecelma of maaasporoua origin derived from spares proaucad by & zruit»hody o f mono=
gporous origing and (3) on a compound myeailum of polysporous origin derived from
many sperss produced by s fruilt-body of mea@sparo#s c?igim;y IA%h&?Gfﬁ?@ cems to
the conglusion %aiﬁ L. ;mgwyus ig homothsllie. Thare &a& nothing éb suggest that
this species might be heterothallig.

. After sending vy first paper to the press in Mey,3921, I isplated another

goeries of mongcsporous wyeelia of €. lagovus and, as I was leaving Winnipeg for

o M it
Vancouver, ook the cultures ﬂ“ih m@e - To wy grest surprise, I found that thess
wyeelia did not produce any clampegonnections. During the summeyr of 1921, circume

stonges preveatsd me frow making any furiher expsriments; but, on returning o

Winnipeg in Septerber, I ab once began o investizabe Coprinus lagopus &gein with

the object of selving the oroblem of the sex of the myceliz in this spegies.
Altogethsr, sinee writing my first paper, I have made fifty-n . ne new mono-
sporous cultures of C. logopus. Owing to the fact that some of ihe s@bre»daposits
of C. lagopus had been destroyed after the compleiion of my first paper, L was com-
‘pallad o wsw new spore maberisl. Th@vnew éperag wers provided by ten diffarent
fruit-bodies. To the best of my knowledgs the mycelisa were isolated in exactly
the seme mewner as formerly. - They were asll trapmsferrcd to agar plates and, lster,
twonty-nive of %ﬁsm were trensferred to sterilised dung in wide testetubes; and they
ﬁéra all kept in pure culture for firty days and wost of them for from two %o three
montha. Exemination with the microscope yielded a result just the gpposite of
that found in the exporiments recorded in ny firss p&ner, for not a single one of

a1l the fifty-nine monosporous myeelia arenucad a8ry elempeconnections whatever.




99«‘9

On the othsr hand, pnolysporous mycelina derived from seversl spores predueed ¢lamp-
~tounseticns within four or five days after the BpOTes Wers s0Wn.

These mm observations natupally suggestsd thabt the strains of Coprinus
lapopus with which I was working were heterothallic. ’i“lf;erefore, assuming bthat the
monosporous mycelia wore all unisexual and would beheve in the same manner as
‘Blekeslee's (+) end (=) strains of Mucor and zs Mlle Benseude's {+) and (=) strains

of her Coprinus fimetarius, I paired twentiy-thres of the myceliz with no. 14 and

seven with no. 46, nos. 14 and 46 being taken zs situndards. The results of muking
thes® thirty peire are shown in Teble I. In the fourth column of ithis Table the

blenks indicate thst no observations with regard to fruiting were mese, /tecgudled,
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T T
Tabla R

Caprimus lagopuss kb‘a@ ﬁffec‘f‘; of Puirimgz Mano:spomm$ M},r coline

-
L
!
!

Mycelial — Sexual | Clampe connections t bru;t;iody develepv@nb
paira , signa 4« 7 doys after pairving ; in the plutes.
3 xn 14 oA o abssnd ‘g imperfect
4 % 14 4 4 ' absent g imperfect
b6 x 14 f + 4 ' absent | | f imperfect
7Tz 14 5 + ¢ ? absant | g imperfect
9 % 14 K b absond | imparfeet
10 % 14‘ ‘ - present | , | ”gaﬁﬁggﬁ
11w 14 - present @w;*ﬁmm |
12 % 14 e sr@senﬁ ~ perfect k
13 = 14 ’ + 4 '_ mbsen% s |
15 w 14 I B absen% ‘ _ B | imperfest
16 x 14 R abaént | | 5 v imperfect
i,’ 17 x 14 4 ‘ absdnt ~ ; | . imperfect !
18 x 14 ‘ ; + "presant . | serfech
19 % 14 - 4 B . present ‘ pefféc%
20 % 14 ; & o present § perfect
2L % 14 4 4 absent: igperfect
22 »n 14 +ob }absan% “j C imperfect
23 x 14 ‘ ; 4   _. prese§§ . perfoct
25 % 14 ,- o o preseond | . ’ perfoed
26 % 14 e X , present perfect
27 = 14 Coe present ' perfect’
é% % 14 o b '  present , perfect
29 x 14 w o ‘ prosent perfaet
47 x 46 .; - - absent - e o
48 x 46 - w absent | L \
51 x 46 ot ~ present ’mmm;;;
2 xlgéw o b present N
554 x46 | 4. progent e \7%
655 % 46 | + o | present 0 |
g ,




Figure I,

coprinus lagopus,

Results of pairing monosporous mycelis Nos, 15-29

with No, 1l4. Nos. 18, 19, 20, 23, 25, 26, 27, 28, and

3

29 formed clamp-connections with No,14, and the

&

temaining five did not, The nine pairs which formed
clamp-connections also produced normal Ffruit-bodies
as the photograph shows, but the five did not fruit
normally, When the photographIWas teken &gl1ll the
fruit-bodies,except that in the culture Nos, 14 x 20,
had shed théir spores, but the spere deposits and
stipes are still visible, Abaﬁt one=third natural

size,
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Cf the thirty pairs of wycellia, ceventeen develoned ¢lampe-connections in
2 regular mamer, while thirteen did not develop any clampeconn:etione whotever.
It was, therefore, supposed thuat a{+) and a (-} sexusl strein must have been present

in sach of the seventesn pairse in which clampeconnections had appsared. No. 14 was

given a (+) sign, but this was done quite arbitrarily, for morphologically no. 14 did
not @i ffsr from the other mycelis. The mycelia with which no. 14 hed produced

¢lemp-connsetions were then given a («) sign, and the mycelia with which no. 14 had

not produced clampscennections were given a (+) sign. Bubsequently it was found
that elempeconnections wére formed when no. 46 wss mated with no. 14. Hince no. 14

had a (+) sign, it was therefore necessary to give no. 46 a {«) sigp. WNos. 51=55

all produced clamp=connections with no. 46. Honce they wers given & () sign; und, ¢
since nGSa‘4? and 48 did not yield clampeconsections with 1o . 46, they were given a

(=) sign. All these signs are shown in Table I.

The pairs of mycelis which developed clemoeconnccticns alse developed
: S[ee Q'-fqurEI.

nermal fruit-bodies. Avout e week after the matings had been effected, these fruite
~bodies expanded and shed an sbundsnee of their black EPOTes. Cu the contrary, the

hY

.pairs of mycelia which remained in the primary condition and did not develop élamp -

~connections, gave rise only to imperfect fruit-bodies. These varied from about the
size of a pin's head to rudiments 3 = 4 pm. high, In the larger rudiments, the

stipe and pileus were clearly differentinted, but no expunsion took place and ne

gpores were ever libsrated. It was therefors clear that regpid and perfect sroduce
tion of fruit-bodies wus mssociated in ry cultures with the formation of clamp-con-

nections, i.e. with the sacondgﬁg or diploid condition of the mycelium, and thst the

production of imperfect fruit-bodies was associated with the noneformation of elemp-
~connections, i.e. with the primary or heploid condition of the ny celium.
After the results embodied in Table I hzd been obtained, it wes to be ex-
' . 4w -ﬁg’ . ; : s
pected that wycelis of like sifkzs, if palred, would not produce any clamp-connections.

Each of six plutes was therefore inpeulgted with two mycelis of (+) sign, =nd each




of eighteen plates ﬁifﬁ two mycaliéief {=) sign;,’y The results of tﬁié §airing,
%ﬁich‘are shownfiﬂ,Tahla 1T, did not éeﬂfcrm‘%iih exgeetati@n, fer‘oﬁlyyéixieén of
‘the twenty-four pairs ramainad,wiéhcut{elgmp»céﬂneﬁtianég while clempeconnections
soon mads %h@ir~&@;emraﬁca'in one of the six (++) peirs zad in seven of the aigh%»

oon {= =) peirs. It therefore becsme epparsat thub the phenomenon of hetercthall-

ism in Qoprinus lsgopus is much move complicated thenm I had at first imagined.
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Tah l@ :{?gu

Goprinus lapopusy The Eifeet of Pairing Mo sporous Wreelio or hi’ke‘ Sig{;{.

Myeelial peirs Sexual Sipgns  (lamp-connections Fruit-body d‘évelo@ment

: aftor peiring in the plstes.

15 x 16 4+ ‘sbsent | i

16 x 17 + o+ absent ——

17 =z 21 _ + & ebsent —

21 x 22 " i ‘ absent m‘

27 = 28 e absent SRR

23 % 26 ;. - oresent L

286 %19 - & absent SR

25 » 46 - - : absent mm

48 % 47 - -  abeent: Wm

18 x 47 - present e

51 x 15 i absent o

55 x 16 4 4 present R

23 » 18 - present - perfect

23 % 15 - ' present , | verfect

23 % 25 o absent imperfeet

23 x 27 o - absent - imperfect

23 % 28 ' - shaent imperfect

23 % 29 e e absent - dmperfset

26 x 18 o - - oresent perfect

26 % 19 - ’P&»&sem . Bmporfect

26 % 25 - absamt '

26 = 27 e e present perfect

26 x 28 - - : absent imperfect

26 x 29 e absent imperfest




On the strict (+) aad fw) theory of #ax, one would suppose thet if a
myecelium g were %o yleld clam?ﬁcaﬁneatians when paired with either b or g, fthe sex
of the myeslia b and g would be i&aﬁtieal; g0 that, if b and g woere to be paired,
no clampeconnecitions would be formed. But thie is not always ths csse, for
somebimes we may have clampecomnections developed in all the pzirs 2 x b, & X g,

and b x g. Thus, as shown in Teble I, mycelium no. 14 forms clamp=-connections

with both no. 23 and né. 26; but the mycelis nos. 23 and 26 are net identical in

sox, for, as shown in Table IT, when pelred, they yield clamp-connections. With .

four myeslia instead of thres, even greater complications may erisc. It thus
appoers thab the factors oy genes Tor sex in foprinus lagagas are act of = simple
but of & compound naturse. |
In the fousth column of Table II are given the resulls of observation
of fruit-body production for twelve { « «) pairfof mgéiia. Here again, &s in the
experimonts recorded in Table I, rapid mmd pesffect production of fruit-bodiscs was
associated always with the production of clampeconnsciions, i.e. with the secondary
or diploid condition of the mycelium, while the production of imperfest fruit-bodies
was associated always with the cbsence of clamp-connections and the retention by the

mycelium of the primary or haploid condition.

A8 & result of the experimentis wiich have just been described it became
negessary to diseard the striet (%} and (=) theory of sexual streins for . lagopus.
Tebles IIX shows the resulis that were anetually obiained when seven monocs

gporous mycslia were palred in a2ll t's possible ways. In this Table, for the sake

of conformity with similer Tables made by Kniep for Sghizophyllum gompmune , the (+)
and (=~} sigas sre introduced, but here they have not the ssme significance as in
Tables I and XI, for they do not indicete sex but merely the prosengs (+) or absence

(=) of clampeconnections in the pairs.
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Table IIT.
M

Coprinus lagopus: Aiz Bs ssible Beirings of %aﬁen fbnosporous
Mycelia. o

21 - e & + &
22 e e+ = 4
23 R P PO S
25 8 B s e s e e
26 +o0* + e e % =
27 vf + - -» % - "
99 B R T
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ﬁhsﬁ the experiments recorded in Table IITI were being mede,; & check upon
the purity of nha seven monosporous mycelia was obtained by setting out portions of
the mycelisa in plates by themsolves. In nome of these sub-cultures were c¢lamp-

~connechions ever produced »

Since, s indicated in Table I, nes. 23, 25, 26, 27, and 29 all produced
clampsconnections with no. 14, it was to be ex?ecﬁaé on the strict {+} end (=)
theory of sox that they weuld all behave uniformly with respect to gther mycelig;

but, by looking slong the horizontal rows ir Table III, it will be at once sesn

that this axpactaozon was nodt justified by experisnce. Tﬁus although with no. 21
~they eil gava slamp»eonnsctlaaa azﬁgki g 28, with nos. 92; 23, snd 25 they did
1ot all beheve uniformly; for with mo. 22 they all nroduced ¢lampeconnsactions egeept
noe 25, # sith 1o . 23 they none of tqem prcnucsﬁ clumpe-connoctions except no. 26, and
with no. 25 tnay nons of them grodubaé clampeconnections except ne. 29

The results given in Table IIT ore ideniiesl in thelr nature with thoss

}

obteined by Huns Kniep with Schizophyilum cemmuaaol

YII . Coprinus niveus.

In the series of expsriments upon Coprinus niveus recorded in my first

paper, % found thab c¢lampe connections developed; (1) cnheach of several mycelis of
menGEpnToRs origin derived from the spores of a wild fruitebody; {2) on e@ch of HHo
monosporous mycelia derived from spores produced by a fruitebody of monospovous or-
igin, and (3) on a compound myecelium of polysporous origin derived from muny spores

produced by = frultebody of BmONOSPOTOLSs origin. I therefore came to the cons

elugion thed Coprinus niveus is homothallic:

In the winter of 1921-22, T made @ new ssries of sxperiments whiech yzald@d
results quite different to those prgv&ously obtained. The source of the spores

was s wild {ruit-body which eame upn ﬁmcntaneeusix cn-horse dung in the laboretory.
& & fanl

1) H. Kniep, loc. cit., p.12.
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Nine mom@serOus‘mycalia’Were isolaied wnd transferred to dung-agar plates
and afifervards su%wéulﬁuréﬁ in other pletes; bub, even after the lapse of thirty-two
deys, they éli-fail@d to produce clampeconnections.  On the othsr hand, a compound
mygelium off@olysporgusgé@igin derived from many spores produced clamp-cannectiané in
abundance ten days'afﬁgf inpeulation.

The @rasen@g of ¢lamp-connecticns on the mycelium of polysporcus origin snd

thely sbeence from the nine wycelis of monosporopus origin at once sugzested thal ny

new etrein of Coprinug niveus was heterothallic. A complete soriss of cépssings
with the nine myeelis was thsrefore undertsken. The rosults are shown in Table I¥.

As before, the numbers sbove and te¢ t's left indicate the numbers given to individualg
myeelia, while the (+} and (=) signs iasdicete that clamp-connecticns were present or

sbsent respectively after the crosceings had been effscied.
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Goprinus niveuss A1l B ssible-gr:;airi ngs o f%\ime ¥hnosporous Hy golic.
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As is shown in Teble IV, nos. 2 and 3 both fziled to form clumpeconnact-
“ions with noss l,l?, 3; 5 and 6. Yot they are not identicel sexually, for no. 2
formed cluwp-connections with nos. 7, 8, end 9, whereass ne. 3 did not. Similarly,
108s 4 end 5 did not form clampeconnections with nese 2, 7, 8, and 9 and yot are
not identical sexuslly, for no. 4 formed ﬁl&m@wcﬁﬂnectiﬂns with nos« 1, 3, §, aﬁé
6y vherens no. 5 did note loreover, when nos. 4 und 5 were peired, they yislded
elampeconnections, That ths monosporous zycella were purs wes asgertained by
nadng subeculiures of these wycelis in plates at the sam€ time thot ths pairings

wars offected. In none of these nine subecultures did any cl&wmmceancczloﬂs meks

Fie

their apperrancs. This iz indicated in Table IV by the (+) sign for 121, 2 x 2,

b4 3 Ol»-‘pnquéy!n 9 = 9n

Lo

The results embodied in Table IV sesm toc show caucluﬁzvelg that the sirain

of Coprinus niveus with which my new work hss been carriod out is heterothallic bub

thet the individual mycelia eannot be regarded as belong ng strietly to two opposite
stroins, {+) =ad (=)  Thus in ny new work Q. niveus has behaved sexually in the

e manner as g lagopus.

VIIZI. Dissussion.

A

In bath of ny 1nvastigﬁt1e%5 upon the sex of Coprinus sterquzlznus and

"

L. gtercorariug, mycalia of menosporous origin yielded clﬁﬁ?ﬁﬁ@ﬂﬁ@%ﬁlcns regularly

and readily gave rise %o normel fruiit-bodies. All the evidence sc fur obiained,

therafores stirongly supports the view already expressed in my first paper, namely,
{o rlnuw steraud 'ruﬁ and 0. storcorerius ore homothql’aa»

ﬁg;fax as coneerns Coprinus legopus =nd G. niveus, the results of my two
nvesﬁavfﬁxans are dzaesréznﬁ* for in the first mcnoepcreﬁs mycelia gave rise re-
gularly to lem§h00nﬂ8ﬁﬁlﬂu$, whilst in ths geecnd (éescribeé in this paper), clamp-

connections never appesrsd in morssporous mycze}m { 5; iselations for &+ logopus snd
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9 for C. niveus)but only after the psiring of two 1ono 5po re8s mycelis presumably

of opposite sox. Hy first investigaiion, therefors, led me to believe thed
Coprinus lagopus =nd (. niveus are homothallie, whergas my second one has provided
conelusive evidence thet there sre sirains of bobth these fungi which are heterothalle

i

It may be askeds admnitiing thet all the new observ iions go o show
that Coor~nus Tagogus and C. niveus are hebtercthallie, how is it that different
resulds pointing to homothallism were obiained in the first investigation?  There

appear 10 be two alternative explsnationss (1) in my first investigation some

eyror erept imte the work, (2) there ure howethallic sirsins of both these fungi
ag well se heterothallie. .

I have 2ot been able 4o think of = single source of error in my first
work that could agcovnt for the resulis obiained. 80 far ms I know, I used the
seme method Yor isolating and cultivating the myeelia for my second investigation

tha aiz;or thut I 2onfused species or spor re~deposits; and I certeinly sow the clamp

a8

my first. I do not twink that the plates became infected by spores from

~connections deseribed, for I sketched some of them with the comerg=lucida. If

I me d@ some mistuke in method, I must have repected it quite consistently in every

one of my firet exporiments, for sll the resulis wers consistent, 2ll the monospor-
ous myvelia having producsd ¢lamp=connections, and I must have aveided this error
conglstently in my second experiments, for no clampeconnoctions ever mede thelr ap:

-

pecrance in the 68 new mon@éperaus cultures. on %beygih@r hand, it is 10 be re-
menbered that vy first invé sbigat tion was chiofly devoated to tha fruiting of mono-
sporous mycelie, thot the gussiion of the presence or sbuence of clampe conneciions
wa# saken up only toward its ecaelu°10@,aﬂﬁ ﬂﬁ“t the number of cbservations was

ralatively faw» It is alseo noteworthy thst in ny second sariaa of experimenta

- with Coprinus 3Zhgepus , 1thoa¢h I used ten different fruitebodies, I was unable
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%o obtain any more homothallic strains, and thereforse at no time have I been able
to grow simulitaneously homothallic and h@%eraﬁhgllic strains of this fungus.
Blakesleel'fGHQd thiﬁagﬂ.theAﬁucor:fﬁzzh monosporous mycelium is either

{%)~oi‘@?),and that in these fungl thers is an absence of sexual intergrddes.

Kﬁiapz), on the other hend, working with Schizophyllum comnune, found thetb, while

the ﬁonesporous pycelin of this fungus usually are unisexual and do not p?odugs
elamp»cennecﬁioas, yet occasionally, when kept in pure culture for a long time, a
monaépercus mycelium may begin to produce clampeconnections and thus pass dafinitely
from %he haploid to the diploid conditiocn. Thus we cen speak of Schiznghgllnm
éémmaae as being heterothallic but as sometimes producing homothallic strains.

Owing to the fact thet I am unsble to explein my first results on the bagis
of error in experiment or observation, and teking inte account Kniep's work upon

3

Schizophyllum commune, 1% seems difficult to escape the conclusion that in my first

Y

investigetion T wes studying strains of Coprinus lagopus and Cs ﬂiveus\which were

homothallie. On the other hand, my later resulis, described in this paper, certain-
1y point to the possibility of some error having occurred in my earlier work. I
think, therefore, that it is advisable to lay most weight on my second investigation

‘and to gonclude that, while Coprinus lagopus and G. niveus are undoubtedly heterothall-

ig, it is possible thedl nemothallic streins of both these species exist. The questior
of the existence or noﬁoexistence of these homothallic sirains will doubtless be de- 4
cided by future workers.

Tn fiading that the striet (+) and (=) theory of sex is inapolicable to

Coprinus lagopus and C. niveus, I have but confirmed whet Hens Kniep discovered in
= ool

3) A.F. Blakesles, gexual Dimorphism in Cuunninghemella, Botanical Gazetie, Vol LXXIIL,
1921, p. 186.

2) HG Kﬂi@pg 10{3« ci’%o, polén
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Schizophyllum commune. His Table for the latier fungus and my Tables III =and IV

for the two Coprini arve identieal in gensral form.

There can be no doubt that ia such fungl as Schizophyllum communse,

Coprinus lagopus, and C. niveus, the factors or genes for sex are not simple but

‘

complex in their nature. To whai sxtent this spplies to the Hymenomycetes in general

ean only be determined by new and extonsive investizations.,
1 1)
Recently B. 0. Dodge, weRrking with Ascobolus magni ficus has found thet,

so far as sex-organs and asoearps are concerned, monosporous nycelia are self~-sterile,
but that sexual organs and ascocarps are produced in cultures containing twe strains

properly chosens. It thus appears that there are heterothallic spegigs not only in

the Basidiomycetes but also in the Ascomycetes.

In my firet paper, I pointed out that the Coprinus fimetarius aséd by:ﬁlle‘
Bensaude and my own C. lagopus might be identical species. I now think them to be
identicel and ghall so regard them in future. Wlle Bensaude worked with only two
monospafoua strains of her fungus.  Then grown separately, they did not p}aduce clamp-
connections and remained sterile; when paired, they produged eclamp-connsctions zand
fruited well. she therefore regarded them as (+) and (=) strains; but, had she used
more sexual sirains, she no doubt would have found out how complex sex is in this
fungus and also that ihe strict (+) and (=) theory of sex is here inapplicable » In
my exparimen%s, the development of rudimgntary fruit=bodieg on monesporéus mycselia
has been very veriable. However, it is somewhat remarkable thot Mlle Bensaude's

twe sexual strains, when grown separately, remained entirely sterils.

1) B.0. Dodge, The Life History of 4scobolus #agnificus; Origin of the Ascocarp
from two Straing, Mycelogia, Vel. XII, 1920, pp. 115-134.
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I}, Cancl&aipnso

1. Coprinus sterquilinus and C. stercorarius, as shown by the production of clompe

I3 »

=connections and fruite o iles in monosporous cudtures, are homothallie.

2+ Goprinus sterquilinus has besn successfully cultivated with the production of
perfect fruit-bodies for seven successive monosporous generabions. The mycelivm of

the seventh genersa tion was just us vigorous and fruited just as rapidly as the mycelium

of the first genar&ﬁiona

3. There are heterothallie strains of Coprinus lagopus and G. niveus.  Fifty-nine

L wenosporous mycelia of G« lagopus, grown geparately, noever nrcdugsd clamp=connegtions.
giﬁen brought togethor in suitable pairs, the flonosporous nycelia soon produged glemp-
"ﬁO?zﬁacﬁiaas and later perfeet fruitebodies. . Sinilar rosulis were ;bﬁaineé with nine

B0t weperous mycelia of C. niveus.

4« Qoprinus legopus snd €. nivous are heterothellic species; but, as indieated
»«xuxeéwmm uﬁnﬂ&;«w«u = e et N 2
by previous experiments. it is ossible that they both sometimes sive rise to homo thalle
2 D4 hiow)

&

¢ stralins,

e

5 The question of sex in hetsrethallic Coprini is complicated by +he faet thaot

3

the sexual strains cannot be stirictly divided into (+) and {(-) groups.

6. The soxual reaciions betwsen the monosporous mycelia in Coprinus lagonus er in

e

Co. niveus’ are slmilnr to those described by Kniep for Schizophyllum commune.

The investigations recorded =bove were carricd ocut in the Botenicsl Depuaritment
of the University of Manitoba during my tenure of tha'ﬁuéssn*s~B&§ARasearﬁh Fellowship.
In conclusion, I desire 1o express my sinecere thanks to Professor A.H. Reginald Buller

for his continued encouragerment and valusble advics.

FREERLLL SRS e .




