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IRTRODUCTION

The importsnce of genetic study of the asco-
mycetes results from the following considerations:

Genetlc study of higher plants and animsls
indicates (1) that & reassortment of genes takes place
in melosis and (2) that the change of linkage known &s
crossing~cver results from an interchange between homo-
logous chromosomes in melosls. Cytological study shows
that meiosis provides s mechenism for the reassortment
'of genes and indicates 1n an unconvineilng way that crosge
ing~over might be the result of a meiotic mechanism,
The genetic evidence that meiosis effects reassortment
end erossingeover 1a completely convineing despite the
fact that it is purely inferential, It 1s based on the
assumption that two classes of gamstes result from
melosis of a single diploid nucleus heterozygous for ome
gene and are eyuelly numerous. PFurthermore, it is ase
sumed, that when crossovers occur; they are the result

of a single diploid nucleus having produced two types
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of exceptional §ametes. However, the technicel diffi-
culties of 1sclating the gametes resulting from meiosis
of 8 single diploid nmucleus in the higher plants and
animals have prevented sny experiments,

In the ascomycetes the eight ascospores usually
produced in a sac are the result of meiosis of a single
nucleus, M¥oreover, the sacs in some specles sre long
and narrow and the products of division are not jumbled
together but are arranged In & row so that their posi-
tions indicate their relationships. Micromanipulation
and”aaeptic culture technique enable one to isolate
these ascosporesz in the proper order and to study the
genetic characters of the mycelis resulting from their
germination. If the history of the chromosomes were
known, the clegar cut genetlc characters found in the
fungi would socon settle the gquestions raised. But it
is probable that no sex phenomenon has received so many
contradictory interpretations at the handa of different
writers as that of the ascomycetes. A single form has
been described as belng parthenogenetic, or having a
single sexual fusion, or a double sexual fusion.
Scarcely less dlvergent are the lnterpretations of the
divisions in the ascus. There seems to be & general

agreement that the chromosomes undergo what resembles



s meiotlc division but the smallness of the chromosomes
and the difficulty of counting has led to a varliety of
interpretations. The results presented here show that
in N, crasse a double sexual fusion best explains the
data,

An analytical knowledge of the genetlics of an
organism depends upon coordinating the nuclear history
with the genetic behavior. This means that before the
mechanism of meiosis can be studied by means of the ar-
rangement of the ascospores 1n the long ascus of N. crassa,
its muelear history and sex phenomena muast be known sc=-
curately. Once they are understood, it will provide an
excellent object for studying the immediate effect of
meiosis. The object of this study is to investigate
meiosis directly rather than inferentlally, and to at-
tain this object understandingly, the nuclear history
of the organism must first be described. The present
paper contains the results of a genetic and cytological

study of Neurospora crassa,




store are sufficiently accurate. A needls, inserted
in a short glass rod, is stuck to the brass tube with
modelling clay so that 1t juat clears the surface of
the microscope stage., Movement of the needle in an
arc about the steel rod is obtained by a wooden lever
pointing away from the operator. The base of the brass
tube fits solidly in this wooden lever and the direction
of motion is changed by & one~halfl centimeter wooden rod
placed so that it is convenlently situated at the right
hend of the operator. This rod is fitted solidly in an
upright wooden handle which rests upon the table. The
wooden rod must have enough spring so that it will allow
the handle to rest on the table while the brass rod is
being moved upward and downward. Sensitivity of the
movement in the arc about the steel rod depends upon
the length of the needle and the length of the wooden
lever by the principle of similar triangles, For
moderate magnifications one to five sensitivity 1s suf-
ficient using a ten centimeter needle and & fifty centi-
meter lever.,

A large cork 1s fitted firmly on the upper end
of the brass tube, A two centimeter test tube which
has been cut off about two centimeters from the base is

fitted solidly in a hole in the base of the cork,
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A fifty by two by two centimeter wooden bar slides in
the grooved base, At its upper end 82 one centimeter
plece of wooden rod about five centimeters long is
tightly fitted. The tip of the rod is carefully
rounded to rub against the cup formed by the base of
the test tube. Up and down movenment of the needle is
obtained by sliding the fifty centimeter bar back and
forth in the groove. To determine the sensitivity of
this movement, let the length of the bar form the cone
stant hypotenuse a of a varisble right trisngle. Let
the horizontal side (groove) equasl x and the vertical
side (brass tube and steel rod) equal y.

Then x2 y° = a%

By implicit differentistion with respect to x

g%e'i

¥y

The sensitivity depends upon the ratio of the

veriable horizontal side to the variasble vertical side
of the triangle. Therefore, the upper angle mst be
acute to minimize the movement. It 1is possible to
work with & horizontal side of about one centimeter and
a vertical side of about fifty centimeters, thus mini-

mizing the manual movement about fifty times.
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Chromel needles were used. They were made by
hamnering a piece of wire very thin and cutting to a
fine point with a scissors. After the last cut the
wire was hammered to produce a hoe~like end rather
then a pointed one. The dissections were performed on
cleer three percent agar,

Perithecia were crushed between flamed microscope
slides and a drop of water was added from a sterile 1lip
pipette. The asci emerge from the perithecia in groups
and the clusters can be easily picked up with the pipette
and placed on the agar. These ascl still attached to
the ascogenous hyphae spread out radially on the agar.
Then individual asci are dissected a&s soon &8s the drop
has dried out., The location of the spores in the ascus
is indicated by numbering from one to eight; the spore
at the outer end of the ascus being number one. The
thin but broad hoe=like end of the needle is dropped
between the first and second spore and the plate pulled
away by hand, thus breaking the ascus wall, A mechanical
stage is not necessary to hold and move the plate al-
though some individuals might desire it. MWost people
soon become skillful at manipulating by hand and in
this way they can work more rapidly., All eight spores

are dissected, "hoed" out, one by one and placed in a
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row. Then they are transferred to a second plate set
up under a second binocular so that there is no diffi-
culty in returning to the row of ascospores in the
first plate. The position which a spore occupled in
the ascus is indicated by a number marked in the agar
along side it.

Heat treatment is used to germinate the spores
and they are transferred to agar in small tubes by
cutting out small pleces of ager containing the ger-
minated spore under a binocular microscope. The heat
treatment kills sll of the conidia which might have
been transferred with the speres into the agar plate.
The transfer of the germinated spores to small tubes
is made in a small glass chamber which has been lib=-
erally sprayed with dilute alcohol and wiped down with
mercuric bichloride solutlon.

The small tubes (9 by 100 mm. or 3/8" by 4")
are kept in racks made of pressed cork strips. This
pressed cork is three millimeters thick and is cut in
strips two by thirty centimeters. About sixteen holes,
each nine millimeters in dlameter, are punched in the
strips with a cork borer. The cultures are kept in the
same position in which they occur in the ascus and are
held tightly enough in place so that they cannot fall

out., These strips of tubes are mounted in wooden racks.
-8-



IXI. Heat Treatment Methods

Dodge ( /83 ) has shown that the ascospores of
certain speclies of the Ascobolacese, which do not or-
dinarily germinate in the laboratory, can be induced
to germinate by heating. He places the spores on agar
in petrl plates and puts the plates in a gas oven,
which 1s then raised to about 70°C. in about twenty to
thirty minutes, and then removes the plates. In some
species some spores fail to germinate even after this
treatment and a few spores are slways encountered
which germinate without heating. He has since shown
in other papers that this method may be employed suc-
cessfully in inducing ascospores of certain specles of
Aleurisa, Lachnesa, and Neurospora to germinate. This
method has also been employed by Ramlow( 55 ), Betts
( 2 ), Wwilcox ( ¢ ), and others. The writer has
conducted a series of experiments on ascospore germina-
tion and describes a more refined but not necessarily
infallible method of heat treating spores of Neurcospora.
This method and a discussion of the variabllity of asco-
spores of Neurospora in their response to heat treatment
followss

‘gﬁ



1., Experiments to determine an optimum heat treatment,

In studylng heat treatment spores of N. tetra-
sperma were placed on agar in small petrl dishes,
The depth of the agar varied from three to seven
millimeters. The dishes were placed on a one-~elghth
inch copper plate set on top of a Columbia paraffin
oven, The copper was allowed to come to a stable
temperature (73° to 77°C.) before the petri dishes
were placed on it., A few drops of water under each
dish insured a good contact. The temperature at the
surface of the agar gradually rose to nearly 70°C.
Temperatures were determined by the melting points of
various organlc compounds. These were placed on thin
cover glasses which were lald on agar in petri plates
cénzaining no spores, After many trials, the compounds
shown in Table 1 were sselected. The table also shows
the time at which the compounds melted in two blank
plates, giving a record of the approximate temperatures
of the ascospores on the surface of the agar in the
other plates. Fig. 3 shows the smooth curve plotted
among these values. The maln errors of this method aret
(1) reising the cover of the blank plate to wipe off
the moisture film for observation obviously cools the

plate, (2) the lowering of the melting point of the
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Table I.

Compounds used az thermometers.

Compound Melting Point Time of Helting in Hinutes
Flate 1 Plate II

Benzo-~ o o

Mﬁe “?15 "'48-.5 ct 5;5 - guﬁ 3.0 - 11.0
‘Batabrome o o

mphthalem 5319 ""55&0 Ca 32:0 "54Q0 5810 - 42.5
Betachlop= 8 o .

naphthalense 58,5 =870 (e 39.0 «40.0 49,0 = 51,0
Palmitice o o

aeid 8l.0 =61l.5 Ca 61 = 100 78 - 105
Stearic o o

aeid 88 .0 «88:.5 C, 240 240

=1 08—



organic compounds due to distilletion into each other

and water vapor, (3) the irregular heating of different
plates due to differences in size, agar depth, position,
poor contact, ete. It is questionable if a better method
for determining the temperature would be worth the trouble
becasuse the variation among the several plates is probably
considersble. A series of experiments were performed to
determine the optimum time of heat treatment. Sixty-

seven petrl dishes containing spores of N. tetrasperma

werertreated for different lengths of time on the copper
plate; Blanks were used with the organic compounds as
thermometers. The results corresponded roughly with those
shown in Table I and Fig. 3, and were not included in tﬁe
data presented. When all the spores had germinﬁted

@ count was made. Each percentagé.recorded ig the finsl
eouni from a single plate containing from forty to gseveral
hundred spores bui rarely less than a hundred. Seven
loadings of the copper plate were made and treatments of
from eleven to eighty-six minutes were used. Table II
shows the date and Fig. 4 1s a graph showlng the rels-
tion between the time of heat treatment by the copper
plate method and the percentage of gprmination; These

are the total data from sixty~seven petri dishes each

containing on the average well over a hundred ascospores.
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Table II. Germination counts on sixty-seven
petrl dishes containing Neurospora
tetrasporma ascospores heat treated
by the copper plate method for
various lengths of tims.

. Por TINS 853 .2
Hin. cent Hin. cent
11 2 44 98
12 o 48 g8
13 0 48 99
14 v 50 o7
15 1 52 85
16 3 54 93
17 0 54 98
18 2 56 56
18 4 58 78
19 2 59 94
19 30 62 88
20 81 66 81
21 88 68 o2
22 63 70 a7
2% 77 74 93
24 84 78 97
a8 as 82 93
25 100 86 w7

26 92 80 895
26 o7 100 a7
27 100 110 o2
28 96 120 93
29 95 130 8g
30 98 140 94
30 100 150 78
31 97 160 0
32 98 170 35
33 93 180 11
34 98 180 8
34 95 200 0
33 99 210 1
40 98 220 1

80 230 2
240 3




In-anslyzing Fig. 4 it can be seen that the
optimum heat treatment has the rather long range of
from twenty-five to forty minmates. It can be con-
ciluded that a heat treatment of from twenty-five to
forty minutes, with the temperature rising from 54°
to 5800., ir thé treatment tskes twenty-five minutes
to attain 5400., will give very high percentages of
germination, There is evidence to show that lower
temperatures for longer times will glve the same re-
sults but no effort has been made to determine a cri-

tical temperature.
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2, Experiments on killing of conidia.

The pecullar advantage of using Neurospora for
genetic studles lies in the fact that the conldis and
mycellia, which are of parental origin and may be trans-
ferred with the ascospore, are killed by the heat treat-
ment which induces the ascoapore to germinate, After
the ascospores have germinated, fifteen to eighteen
minute heat treatments by the copper plate method are
sufficlent to ki1ll the mycelium of the germinated spores,
In these experiments 1t requirsd about eighteen minutes
to raise the cultures from room temperature to 48°C,
After cheangling from the copper plate method to the ther=-
mostat for inducing germination, it was necessary to
discover 1if this treatment was sufficlent to destroy
the conidia., Fresh N. tetrasperma conidla were selectad.
These showed one hundred percent germination on corn-
meal agar. Ten minutes In the thermostat at 58°C. de-
layed germination for a few hours, while forty minutes
delayed germination for as long as two days but practie
cally all of the conldie germinated. From 45 to 70
minutes heating at 58°C. killed all the conidia in thir-
teen of the small plates used and neo later growth was

produced although they were held for ten days,

-13-



In two cases, however, (one petri plate held for sixzty
minutes and the other for sixty-five minutes} the plates
were overgrown when examined five days later. It is
probable that only & small number of conidia survived
in these plates. In general the ascl are carefully
washed and no conida are carried over. The chances of
any one which might accidently be carried over survive
ing the sixty minute treatment are evidently not great.
Random single ascospore cultures of N. crassa
were often made by sowiﬁg conidia and asscospores on an
agar plate and allowing the conidla to germinate. Then
the plate was heat treated and the ascospores transg-
planted to tubes. As a control many of the germinated
and subsequently heat treated conidia were also trang-

planted but nons ever grew.
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3. Expsriments on the inheritance of response
to heat treatment,

In ths present method of heat-treating asco-
spores, the copper plate is no longer used, It was
thought that lower temperatures with longer treatments
gave greater rellability with less injury and hence fewer
killed spores. A small thermostat was bullt for this
low temperature treatment. In the early part of the
work 1t was thought that cooling the petri plates con~-
taining the spores down to about 10° C, for 12 to 24
hours before heating inorcased the certainty of germina-
tion. Recent experiments show that cooling has no such
beneficial effect.

It was determined that the optimum heat treat-
ment for A cooled petri plate in the thermostat held at
58° C, was one hour., The thermostat iz so small that
its temperature drops to about 452 C. on introducing the
cooled plates and does not attain 58% C. until about 20
minutes later. It may be that the ascospores on the sure
face of the agar never qulte reach the tempsrature which
the thermometer in the thermostat indloates,

In the course of this study the spores from over
o0 lnpdividusl asci were lsolated in order, one by one,

«lGw



Table III. Fifty~two exceptional asci of Y. crasss
from a total of over 500 studied. These
are excsptional in containing some asco-
apores which do not respond te hert treat-
ment in the ordinsry manner.

Asco- : ABCO=
spore 1 2 3 4 5 6 7 8 spore 1 2 3 4 5 86 7 8
Agcus hgous
217 1 1 1 1 2 2 x 2 642 1 2 X 1 3 3 2 1
222 1 X 1 1 31 2 1 1 645 1 1 1 1 1 2 1 1
257 1 1 ¥ 1 1 1 2 1 44 2 2 2 2 X X 2 2
286 1 0 ¢ 1 X 1 1 1 646 2 X 1 1 1 1 2 1
312 1 1 X 2 X X X 1 660 1 2 1 2 1 X 1 1
322 X 2 1 1 X 1 1 1 651 2 2 2 2 1 1 1 2
330 i1 1 1 ¢ o 9 0 654 2 1 1 1 1 1 1 1
332 1 2 X 2 2 2 X ¢ 665 1 2 2 2 1 1 1 1
336 2 1 2 2 1 1 X1 2 657 1 1 1 1 1 1 1 2
340 ¥ 11 2 1 1 1 2 666 1 1 1 1 2 1 1 1
341 T 2 1 2 1 1 1 1 676 1 1 1 1 1 1 2 1
342 ababababl 2 2 2 677 1 2 1 1 1 2 1 1
381 i1 1 X 1 0 0 X X g7 1 2 1 1 1 1 1 2
498 ¥ 1 1 1 0 X 0 1 683 X 1 2 1 1 1 1 1
500 1 1 1 1 1 1 ¢© 1 688 1 2 1 1 1 1 1 1
550 1 1 2 2 2 1 1 1 78 2 2 L x 1 1 1 1
551 2 2 £ X 1 1 1 1 718 1 2 1 1 1 1 1 1
582 1 2 2 2 2 2 1 1 72¢ 1 1 1 1 1 2 1 2
553 1 1 1 1 2 2 2 2 725 1 1 1 1 } 1 2 1
584 11 1 1 2 2 2 2 730 1 1 1 1 1 1 1L 2
555 10 2 2 11 1 1 751 1 1 1 1 1 &2 2 1
556 1 1 2 2 2 2 2 1 732 1 1 1 2 1 1 1 1
55 1 1 2 1 1 1 1 1 741 =2 35 2 2 5 1 =2 8
562 1 2 1 X 1 1 1 1 744 1 2 2 2 3 1 1 1
563 2 X 1 0 X 0 2 2 745 2 3 3 X X X 2 2
641 2o 2 3 3 1 X 3 3 620 1 1 1 1 2 2 2 2

Legend

spore germinated mfter first hour heat treatment

gpore germinated efter second hour heat treatment
spore germinated after third hour heat treatment

apere cerminated without heat treatment

spors does not germinate

ab - spore aborted

LI I I |

1
2
3
0
X

-] 68~



go that their positions in ths particular asci were
known., Only asci contsining eight ripe spores were used.
These spores were incubated on agar over night at room
temperature to determine if any germinated without heste-
ing, and if any conidia had been carrled oveyr with them,
At first all plates ware cooled as above described be-
fore heatetreating, but later the cooling was abandoned,
The plateas were then {reated in the thermostat held at
58° ¢, for one hour., About ten hours later the germinated
spores were removed to culture tubes and thoss which had
not germinated were ireated for a second snd sometimes
for a third hour, Table III zives a record of the
ascl (from the 500 asoci of N. e¢rassa) in which asco-
spores were found that germinated without heating or
that responded to heat treatment o7 T . er than one
hour. Less than one parcent of the total number of
apores germinated without heat treatment; about four-
fifths of the total number germinated following the
first hour of treatment, about two percent of the spores
yielded to the submequent heat treatments and about one-
fifth of the spores failed to germinate. The ratio in
which the different types of sporss occurred and their
distribution in the ascus suggest genstle differences

but these asupposed differences have not been adequately

=17



Pable IV. Hine ascl of 4. sitophila show-
ing the position of tge 8500=
spore and the manner in which
they respond to heat treatment.

s ALY M

A

Asco=-

apore 1l 2 3 4 5 6 7 8

Ascus

202 X X 2 2 2 2 %X X
203 2 &2 2 2 2 2 2 2
20¢ 1 1 1 1 I 1 1 1
205 i 1 1 1 1 1 1 1
2086 2 2 2 2 1 1 1 1
207 111 1 2 2 2 2
208 3 X 3 X 2 2 X X
209 i 2 2 2 2 2 2 X
210 1 2 1 2 1 2 1 1

Legend

apore germinated after flrst hour heat treatment
spore germinated after second hour heat treatment
apore germinzted after third hour heat treatment
spore does not germinate

wlFge



tested.

In order to test this point selection experi-
ments and subsequent crosses would have to be made,
Only one experiment was performed., A mating wes made
between the mycelia from two of the apcospores that
germinated without heating, Fiftyenine ripe asco-
spores were selsctad from the offspring. They were
incubated on a:ar at 27° ¢, for nearly two davs, but
none germinated. A one hour heat-treatment induced
fifty-five of them to germimate indiecting that théy
were mature., At firast this was supposed to indicate
that variationafrom response to one hour heat-treat-
ment were not inherited. But subsequent experiments
with crosases of deflinitely inherited t.pes gave similar
first generation results, PFurther generations, which
in this case were not raised, would be requlred to
prove this point,

It must also bes noted that this zroup of asci
were the inbred dsscendents from an ascus in which the
spores germinated following a treatment of one hour and
it is poasible that other races of Y. crassa may exlst
wnose spores require heat treatment for different lengtha
of time.

Hine ascl of N. sitophila, described in Table
IV, showed a striking contrast to the case of . crasss.

-18-



It must be noted that all the asel of H. sitophila
gtudied appear in Table IV, while Table III includes
fifty-two berrant asel gelected from a total number

of over Z00. Therefore, in the case of M. sitophila
about gne half of the spores required two hours heate
treatment, while less than half of them germinated after
one hour btreatment,

In the case of ascil 202, 206 end 207, the are
rengement of the spores seems t0 point to & segregation
of a tﬁctor determining the response to hest téeatmaat,
but no further breeding tests were made.

That the type of treatment necessary for ger-
mination depends on genetic faotors is indieated clear-
ly by the following experiments, which were started,
for mnother purpose, namely, to test the nature of a
supposedly hybrid strain produced by Dr. B. 0. Dodge.
By crossing o nonwconidial mutant of H. sitophils with
typical conidirl H. tetrasperma and selectingz end back

erossing for seversl generations he had first secured

& non-conidiasl 4espored race, Then from this non-conidisl,
4e=apored type he grew a blsexual, hermaphroeditie, non-
conidiel mycelium, which he designated 3C. e mated this

with s unisexual, conidisl mycelium of Il. tetrasperma,

producing thereby perithecis which were supposedly hybrild.
*10w



Table V.

iscoapores dissected from sixteen asci obtained
from hybrid perithecla referred to in the text.
It is salso indicated whether or not the mycelia

produce conidla and whether or not the spore needed

heat treatment to induce germination.

Spore ROe L [ o 4 S 41
AScus L o L W SR T. d 5 Wo
402 + G $C +G +( -3
A+B A+B B? A+B? A
Lscus T 0 I A S T R (4]
406 +C +G +C +0 w(
A+E A+B BY L+B A
Zascus L H T 0 3 H L B g %0
411 + C +G +C +G -
AxB A+B BY A+R
Xgcud LA LB T T, @0 3 WO
412 +C +g +C 1ee Sy
A+B A+B BY? A+B A
A5cus T B L 3 H L H 3 WO
413 +C not gere +C +C -
A+B minated B? A+B A
A8cus T i iz A S H L A A (4]
404 +C +C +C +C oy
A+B A+B B A+B A
Ascus j: T H 3 0 A T WO
410 +C +C +C +C -C
A+B A+B B A% A
Ascus I R 8] L A T 0
408 +C +C - +0 +C
A+EB A+B R? A+B A
Ascus TR L H g L 0 38
407 +C +C - +C +C
A+B A+R B? A+B A
Ascus 1 A L n ) LB S n
415 +C +C -l +C +
A+B A+B A L+B R?
Ziscus = 0 L 4 5 a0 LR % R
417 +C + - +C +C
A+B  A4B A A+E? B?
Escus LA T 0 L 0 T WG 3B
403 +C +C +C - +C
A+B A+B A+BT A BY
Ascus 3 W0 L A S L H L o
418 -G +C +C +C +C
A A+B R A+B A+R
Rscus T 50 L @0 3 n T 1 S
408 Ry - +C +G +C
A A B B B
Aacus S B B B Y Lo} 50 3 H 3 H S H
414 -G -G - -G +C +0 +C
¥4 ? A B B R 7
Escus 4 T %0 Hed.wo ned 90 5 4 TR
401 +G +C - Iy +C +C
A+B A+B BY BY? A A
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legend:

L means large,)
S means small,) asll refer to the sizes of the spores
¥ed means medium)

H means the spore needed heat treatment to induce
germination

WO means that the spore germinated without heating
+( means the mycelium produced conidla

-C means that the mycelium falled to produce conidia
A and B mean sexes A and B

A+B means hermaphroditic

B? means sex B Incompatible

A+B? means hermaphroditlc but preducing no perithecia
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The manner of producing these perithecia is deseribed in
detall by Dodge in & paper that hes recently appeared
{Dodge '31).

Proof thet s hybrid had bheen produced hetween
the hermaphroditic and the unisexual mycelium would be
furnishe: 1f both conldial and noneconidiasl ascospores
were found in the seme ascus. The writer accordingly
dissected sixteen exceptional Sespored asel from this
4=gpored hybrid. Since one parent was noneconidial and
the otler waa conidial, S~spored ascl were selected in
the expsction that, if a cross had baen made, one of the
two amall unisexuml sporess {rom each of these asel would
show the character of one parent while the other would
show the charaeter of the second parent., In cach of the
three other standard, blsexual, hermapnroditic spores,
conteining two genetlically different nuelei, one from
aach parent, masking of the non-conidial character might
be expected, As Table V shows, all mycleia from the i
sexual ascospores did produce conidia, indicating that
the non-conidial charscter, if present, was masked. 7That the
non-conidial charaeters were aectually present wazs shown by
its manifestatlon in about halfl of the mycelia Ifrom the
small spores. The pressence of the conidlal ani the none

conidial nuclel proves that the supposed hybrid had

w]lOgw-



aetuslly been produced by the eross,

The data in Table V are represented disgrama-
tically in Fig. 4. The S~spored asci are grouped in
classes ascording to the arrangement of the two small
spores and the types of mycells produced. The nuclel
are showrn as white, blaek, and black with a white center.
The white nuclel indicate sex Aj; the blaek, sex Bi the
black nuclel with white centers were probably sex B but
were incompatible with the teaster strains used so cannot
be definitely determinsd in every case. Incompati-
411ty 1s sterility with tester strains of oppoaite sex,
8 phenomenon resembling self sterility. The large, i.e.,
standard-sized, spores were assumed to he binucleate in
origin and the small spores uninucleate., Table V shows
that the nueclel in most of the large spores contained
two compatible nuclei, thelr sexes teing 1ndicéted by
A+B., A few of them carricd incompatible nuclei, for
the mycelia falled to produce perithecia. In such
cases the sex 1s indlcated by A¥B?. The sign +C indi-
cates that the mycellum from the spore produced conidia
while «C indicates that 1t was non~conidial., The mycelia
from all of the large spores (except from two in ascus
408, discussed in detail below) produced conidia. The
twe small gpores in each ascus were one conidial and one



Fig. 4. Diagram of thirteen bespored asci dissected from
a hybrid obtained by Dodge. The size, arrange-
ment in the ascus, sex and ilncompatibility of the
spores is shown, The presence or absence of
conidia on the mycellum and whether or not the

spores require heat treatment to induce germination
is also showne.

Yhite nuclel are gex A;
Black maclei are sex B3
Blaek nuclei with white centers are 8ex B incompatibles;
Cross~lined spores germinate without heat treatment
open spores require one hour heat treatment;

-C » means that the myeelium develops no cenidiay

4+¢ means that it develcps normel conidia,






non~conidial {with the exception agsin of aseus 408
where both were {C). It is obvioua from Fig. 4 that
the rorithecia were true hybrids since half of the
nuclel in each ascus contalned the conidlial factor and
half the non~conidiasl faetor, Moreover, when a non-
conidial and & conidial nucleus were present in the
sams ascoaspors, the mycelium produced conidia.
| The special interest of this hybrid for the
writer 1ay in the faet that Dodge had found that a large
proportion of the spores germinated without heate=treat-
ment. This characteristic appeared clear-cut in the
spores dissected from the asci just described. In Fig,
the disgonally llned apores are those which germinated
without heating. The flgure shows alseo that the spores
which g;rminated wlthout heating were all non~conidial,
In all but two ascil (405 and 407) these noneconidial
spores that germinated without hsating were moreover
sex A. This three-character linkage was very striking.
Ascus 408 was exceptional in two respectsj
first, the small spores were alike (B, +C, H)}, second,
the three large spores were unisexual inatead of herma=~
phroditic, and were ~C. This anomolous gituation can
be accounted for in terms of the known psculliarities
“ =21~



of the spindles lsading to the formation of the spores,
provided the segregation for thase charsacters oceurs st
the second division, Dodge ( 23 } has deserived in de-
the arrangement of the spindles in X. tetrasperma, show-
ing that first-dlvision segregation of factors for sex
would always produce four hermaphroditie spores in each
agcus. 3Since Dodge found no bimucleate unlsexual spores
he was of the opinion that segregation of sex always oo~
curred at the first division, or that if segregation oc-
curred at the second division the orientation of the
nuiclei was such that unlike sexes came together, Withw
out this'peculiar orientation, second divislon segrega-
tion would produce binucleate unisexual spores. Ascus
408 1s of particulsr intercst, since all three of the
binucleats sporeés were unisexusl, and hence presumably
lacked this special orientation of the nuclel, Follow=
ing Dodge's study of spindle arrsngoment, and aasuming
that this hybrid has the same spindls mechanism as X,

tetragperma, we can conclude that sscus 408 shows se-

cond-division segregation of the sex factors as well

a8 those for conidia and those for germinating without

heating. PFig. 5 is & dlagram showlng the type of ascus

beravior necessary to produce this rare kind of ascun,

The atraight lines are the axes of the apindlos as

they would lie if they followed the arrangements found
-2



Fig. S

Diagran showlngz how second division of the face
tors dstermining sex, response to heat~treatment
and the presence or absence of conidis could
give rise to & Sespored ascus such as ascus 408,
containing no hermaphroditie sporea. Diagonally
lined nucleil contain the factors for sex A, abe
sencs of conidia and ability to germinate without
heat treatment. RBlack nuclel contaln the factors
determining sex B, produestlion of conldis and in-
ablility to germinate without heat treatment,
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for H. tetrasperma. This differs from Dodge's diagram

for second-dlvision segregation in only one feature,
namely, that the orlentation of one of the nuclel is
reversed in the bimicleate state of the ascus, {Fig.c).

The feilure to produce periﬁhecia in the case
of the mycella from spores from ascus 408 cannot be
agseribed to incompatiblllity, sinse it was only sex B
that showed incompatil lity im this hybrid and in ascus
408 the sex B atrain was tested and found compatible
with the tester strain, That the failure to produce
perithecin was actuwally incompatibility in the case of
some of the myeells of other asci was shown by the fact
that the sex B strsin from aascus 407, which failed to
fruit with tester strains, fruited readily when mated
with the sex A strain from ascus 406, This cross
{406~5 x 407~3) was the mating of two mycelia both of
wnich were none-conidlial and were produced by ascospores
which germinated without heating.

Unfortunately nothing is krown of the reaction
of the parents of this hybrld to heat treatment, Cross=-
ing a clone derived from non~heating asgospores by
another of the same {ype, since both were supposed to
ve haplonts and presumably pure for any charscter which
they show, should produce only offspring showing the

character. - PG



TABLE VI.

Twanty-one ascli dissected from a cross
of two non-conidial ascospores that
germinated without heating. The size
and arrangsment of the spores in the
ascus are shown and whether or not
germinated without heating. Abbrevis-
tions ssme as those used in Table V.

Asco~

spores 1 2 ] 4 S 6
Asgcus
1l L L s L 3

F.0 | WD

Azcus S > i is L
3 W,0

Ascus L S 1 La L
4 el WO HWal)

Ascus N i 3 L 3
5 W0 Wl W.0

Ascus 3 L ) = L
5] W0 We

Ascus i i i 1 3
7 Wl .0

Kscus 'Y L it L 1
9 o0 W.0

Ascus | L 3 L S
10 W0

Ascus L L ! L 3
14 T«O | W0

Ascus L L [} 3
15 WD

Ascug ) 3 a L s
7 Wal %.0

Ascus L o) 3 L 3

18 Wa0 %0 W0 (W0

Ascus 3 L L L S
20 Wl W0

Rscus 3 3 3 S I T

18 Wel | HL O W

Ascus L L L L

2 Wl WD WeQ |1 B0

Ascus A 1 5

a W,0

Ascus I L L L

1l W.0

Ascus b L L i

12 W,.0 T.0 | W.0
aAscus | Ls La L

13 Y0 W

Ascus 1s L L L

19 W8 Wl %.0 | W,0

Ascus L very L S

21 ¥.0 |large! W0 | W.0
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To teat thias point the spores from twenty-ons
4, 3, and Sespored asel from the cross 4055 x 407=3,
were diassected cut and inecubated at roon temperature
for several days. Table VI shows the ascospores from
this zroup which zerminated withoub haatwtraatment‘r
Forty~flve percent of the large spores germinated withe
out heating in this oross as contrasted with only twenty
nercent of the large spores‘in the parent hybrid, It is
remarkable that in only one case (20) did both =mall spores
germinate without treatment. Thias may have been a case
1lilke ascus 408,

We can conclude from this experiment that the
factor causing ascospores to germinate without heating
is hereditary and it is usually carried by nuclel of
sex A, That half of the coff:pring, both binucleate and
aninicleate spores, falled to geridnmate without heate
treatment nezatives one of the assumptions =uade -~ namely,
that the nuclel were hapleoid. This pecullarity of be=
havior i1s typlcal of the hereditary strains and will be

discussed in detall liater.
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4, Summary of the experiments on the heat-

treatment of ascospores.

These experimentis showed that 1t wes posaidle
to determine, by appropriate tests, the optimum heastetrcate
ment- which causes the largest percentage (in some cases
100 percent} of the amcosporss of Neurospora to germinste,
Furthermore, 1t was shown that the heat-treatment commonly
used kilied the asexual spores, thus simplifying the sepae
ration of sexnal from asexusl offspring.

- The agcospores from the race of N. tetrasperma

seomed to be hizhly uniform in their response to heate
treatment. ' There was evidence that part of the small pere
centage of variation from one hour heat-treatment in N,
crassa was due to genetic factors. Dodge'!s hybrid and
the race of . sitophlla produced two types of ascospores
in regard to thelr response to heat-treatment, In both
races the differences were the result of genctic constie
tution, but there was evidence that the ability of a spore
to respond to heate-treatment was varied by the environe
ment, This was best shown by the fact that although all
of ths large apores in the hybrid had one nuecleus con~-
taining a factor for germinating without heate~trsatment,
and cone containing a factor determining response to one
hour heat~treatment, some zerminated without heating
while others did not. In Dodge's hybrid, the unisexual
-2



ascospores fell into two genetic groups; in ons sroup all
of the ascospores erminated without heat-treatment. In
the other group the aacospores required one hour heat-
treatment to initiate gormination. The race of H.
sitophila contained two genetlc groups as well. One kind
of ascospore required one hour heatetrestment, and the
other required two,

Desplte the svidence that response to heate
treatment 1z a genetle character, in these cases, it is
improbadble that it can be used extensively in & study
of the genetlics of Neurospora, becsuse of its variability.
In a closely inbred race, such as the race of i. crassa,
which seemsd to Do rather uniform in 1ts response to a
one~hour heat-treatment, ascospores were sencountered which
germinated without heatlnz and others which required a
three-hour treatment., Although in a few cases, the order
of the spores in the ascus indlcated that factors detere
mining response (0 heat-trsatment had Veen segregated,
1t was otTiosve in most cases that the identical twin asco=
spores somatimes responded differently indiecating that
environmental factors were alao effectling the variation.

Faull {32 ) concluded, on the basis of some
expariments on heatetreatment of the ascospores of 4
strain of H. crassa, thal heat-treatment does not increase

-



the perecentage of germination, The data which she pree
sents do not justify this econclusion. She found thst

4 to 25 percent of the ascospores in various random
samples zerminatsed without hcatetreantment., Ascospores
in varisus rendom zamples whigh ghe hastetreated at
51.5° C. for ome to four hours showed 5 to 94 persent
germination. Obviously she was'working with a nixed
atrain producinz at bast two zonetically different

kinds of ascospores,.
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III. 38Xk and Arrangement of Spores in the
Asgecus of H. crassa,

Dodge ( 23 ) has pointed out the advantase of
the ascomycetes for studying meiosis, Thé zyzots nucleus
is 7ormed by the fusion of two nuclel. The cell containe
ing this nueleus gives rise to the iong, ture~like ascus.
This nucleus then dividea three timea to form eizht nuclel.
Each of the sizht spores receives one of these eisht

nuclei, In the specles of leurocspora crassa and Y.

sitophila, an ascospore on germination zives rise to a
mycleium which may be either one of the two sexes. 3uch
a mycelium, usually called the "haploid" mycelium, is
sterile when srown alone ér with another of the sams mex,
hut growing the mycella of two opposite sexes together
produces zygotes and ascospores agsin,

In the speciles mentioned, the tube-like ascus
i3 long and narrow., Wilcox { 62 ) has studlied the
ap indles in the ascus of Y, sitophila and has found that

in the flrat two divisionas they are oriented parallel)l to

the sides of the ascus and do not overlap, The nuclei

maintain their relafive order and poaltions, This means
thet 1t is possili e, as shown in Flg, 6, to determine at

which division segregation of factors has taken place.
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A1l Pessivle permutatlons of ascospores
in the ascus

Table VII.

jeal permutations =2/7J chance
53

<

ﬁsgmmetr

Spore

u—qu,v..mm_+*++++.@.+uwﬁ--ua«uu\.uu

*

TSN T T A T B B B N N A B N BEOOE N NN B A B A N IR
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Fig. G,

In group a, is shown a dilazram of the arranzement

of spores of oppasixe seXx in the aseus of U, corassa
that would resull Irom segregation of sex in the

first division in the ascus, provided there was no
passage of nuclei in the mscus,. Black and white are
used to desiznats the opposite sexes. The only shift
that oceurs In this arrangement that has baeen detected
is a ghift in the fourth =znd fifth place, zivinz three
btlack, one white, one blaek and three white nuclei,

btut this ghift is rether infrequent.

The seccond obvious poesibility of a2 first-division
segregat ion would result from the opposits orientation
of the tetrad in the flrst division. The second figure
would then show a white nucleus above and a black one
velow and the final arrangement in the ascuas would be
reversed,

In group b, 1s a diagram showing the arrengement of
gspares of opposite sex in the escus that would regult
from a segregation of the factor for sex in the se«
cond division in the ascus and a fallure to segregate
in the flret divisicn., A second possibility would re-
sult from changing the orlentation of both ruclei in
the nucleate stage. In this case the last flgzure
would ghow, from top tc bottom, two white, two black,
two wihilte and two black. Ascus 348 is an example of a
shift in positions 2 and 3, following this type of
segregation.

In group ¢, is shown a diagram of another arrangement

of the spores of diverse sex in the ascus of N. crassa
which would result from a seecond division segregation
of the faector for sex, If both nuclel in the binuclesnte
stage were reversed, another possibility would be ob~
tained with the four rlack nuclei in the center and two
white at esch end, Ascus 301 shows the change in this
arrangement resulting from a one place shift,

-28b-
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This is done vy atudying the characters of the culiures
grown from the respective macospores of a single ascus,
since the position of the spores in the ascus ia known.
Fig. 6 shows thres of the six possibilities for first-
versus second-divigion segregation, The other three are
represented by reversing the positions of the two varie
eties of nuclei., 1In the casse of the figure (6a) showing
first-division segregation, the upper four nuclei would
ve "white" and the lower fourTvlack" in the other equally
probable orientations.

Dodge ( 2%) and Wileox ( 62} have shown in N,
sitophila that the iactors for cultural characters and
the faotors determining the two sexes ¢an De segregated
at either the first or at the second-division in the
agous. Dodge's ( 23 } cytological evidence shows that

in §. tetrasperma, where there is a very complex series

of changes in splndle orientation, there 1s a greater
probability of the sex factors reing segregated at the
first-divigion than at the smecond, The sex factors
might be segregated at any one of the three divisions
and still zive rise to four hsrmaphroditie spores. iHe
has also atudled the segrezation of the gex factors in
H. crassa, and has inferred that they are segregated at

the first division in this specles. By



neans of the arrangement of the spores in the long nare
row ascus, the writer has studled the segregation of the
factors for the two sexes and for varicus pairs of cule
tural characters in H. cragssa., Segregation was found not
to oceur at the third division, since for all characters
studied the spores were found grouped as four pairs of
identical twins, Dodge's study of the orlentation of
the sapindle in thls specles shows that 1t ig provably
identieal with that of N. sitophila. All of the asci
from which elght apores were germinated showed four
spores of one sex and four of the opposits sex. The

& priori poasible arrangements in an aasocus for sizht
gporesa, four of one sex and four of the oppositc sex,

are seventy. This is given by the fermula:

Table VII shows 32 of the ugymmetrieal and the 6 syme
metriecal permutations., The remaining 38 asymmetrical
permutetions are obtained Ly an end to and reversion
of the 32 asymmetrical ones shown, 1f tho arrangement
of spores in the ascus is determined Ly pure cha®@te,
there 18 ons chance in 70 of each such psrmutation
ogeurring.
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Tabls IX. Sex and arrangement of ascospores
in 275 asci of H. crassg~
Pg Generation
Lscus
4 I T 2 T
Py Zemevavion (O-1 % 0=8; (I seifed)
o S ik
&s%i}'w‘i**‘***w-? B + b o b o ow o o
2 et A F - - 7 @+ 4+ wmom-
4 w = =@y (10} O w =« + + Q0 = O
4T : 21T 1 (3}

Lack (ross Generation Pg X Pg

{Oml x 6=2) T x I (O~1 x 7=3)} T x I

ascus ascua
113 =@ +O+ + = = 137{137 = = ==+ + D+
114 = = = -+ ok + + (139 = = = =+ + &
1186 B P e o o o P b 141 P . O T
118 + + + @ = = = = 142 4 4 = = - -+ (D
120 4+ + v = b o e 144 @O ~@ -+ ++ +
122 e v o o b b b
123 =~ m = -t t v @ 4T : 1 13
(128 @+ + + = = = =
(125 N T A I
(126 4 + 4 + = = = (O=1 x 10=-4) I x II(?}
(127 + + 4+ ¥ =~ = = -
124(128 + + 4+ + =~ = = - ascus
(122 + + + + = = == 106 + 4 + b o - -
(X300 + % * + = - - - 107 - - o bk b+
(I3 =~ = = =+ + + + {108} = = =@ =~ + + +
(132 + % + % = = =~ = 110 w =+ + -~ +@
(183 + + + + = = =©Q 112 v b h ow o - -
{134 + 4 + + = = = -
(125 + + = = = = + + 4I : 1 II
156 I ¢ 4 IT {(0=1 % 1=3) T x IX (7)
ascusg
100 @ w e r@+ +
I0] - -+ v+ +@ @
103 = e« = (@D F +
10 +OD@ 4+ w » = =
I ¢+ 1 I

NG AT TN



A IR S R YO

(2N A I O |

AL A A

R O Y IOE R N

-y}

Py Generation {4-5 x 6=5) I x I

- o P
S o S
+ v v
= o b
- o W e
+ b A+
R
e e o
- b F
+ o+ o+
+ o+ o+ o+
II

:5’1 Generation (Ascus 114 selfed) T selfed

134~ 1x3{I selled)

155
188 +
160 +
184 @

@+ + +

doA

Q

4 4+ +

b -
- Lod

-y A W

Py

L

il



]
i
{

bt
I

L A A |

+

!
|

H
¢
'

4

4 4

+

op

(2 T I N O |
S O N I

N Gl

BEREEREEIS

LI B A B T R RS

P+
® +
P ®

+§
I+

i
L
4
+
i+

$
i

+ 1
_.i..i.
@+ +
+ f +
+ § +

R
AR
O BN
IR

+
+

E
B
.{.

]

+

i

+ +

(251

- aw e uw ]

251{252 + +

(253

254
2550
257

veo (RES
238 (253

(263
{264
{265
260(266
{267
{268

271
273
274

(275
278 (276

(277
277(278
(280

(281
281 o5

{284
28%(286

286
283
28

290

. {291
331(292

-

-
-

+

.‘«

449 bt i

+ 3

i
i

i

.
@ -

1
@+t

3

-

®

+

y+ 43 008 t 4+

+ )
b b
1@
w 1+

13
'
'
& 4
4+
+ 4

i
]

ONE NI

!
!

-.g.

@+ 1t

- Zensrablon {(Lscus 114 selfed)} I selfsd

2
e

+
..i.

H
i

S I I |
LI U I O |

]

o B A
O+ +

+
+

t vt

i
H

.E¢

4

+ |

P

@1+

+

+t4+ @iy 44+

+@ +

t
¥
]

!
3

I+

L I L N
!

+
+
“+

!
i
1

+ 4

S B B . 2K 2
L I B S

o+

+

REDTIRCE

+4+ +@+

+

+® +

L+ o+ +



o

(223=1 = 230~6) T x I

ascus
SEL
382
333

(235
(336
{337
(328
335339
{340
(343
(343

(2237 x 229-8) I

ascus
545

346
>47

((348)
349{(w»3)
380

361
52
353
354
355
63557
ST
358
358
360
362

e A O R 5
Y AEDF -- @ -
++‘§'~@-m
e T e e 2
- -t b Q-
BRI R s s
--=-0++O0
@+ F P -
TR T S YA,
@‘f"‘?"’i”nuuw
81X : 311

x I
- e g
I I N
bk (@) e -
A e G T
_"@"i“’"‘i’"i"‘i*
++'§"§‘ﬁﬂ-‘u—
LR S O
B T S
e T R SR
O =@~ ++ + +
o o ot e e o owm
- (S -t F
e e B
CREERE R
it i A T
R CRAC
4 T : 31T

Generstion

-350d-

{160«1 x 3} I selfed
ascus
(493D w = + = + + +
404 = = - - ¥ + + &
498 @ = =~ = + @D + +
500 & = = = &+ + + +
B2 + + @ 4 » = o=
S03 & + 4  w o o- -
(504 + + + + w = = =
(505 m» = = = = + 4 +
S04{506 P + = = 4+ + = =
(507 = - -~ + 1+
(508"'--&“4'--{-‘;..;.
%509 Tt o (D -
SlO + 4+ + + = = ~ (&
11O - =+ ++ 7
{53.2"'*-&-»5« o 4
S14 v F b b m . - o-
S1E T . - - -
ey (BIB @+ + + = = «®
S 7(518 = = = = + = + 7
é --n-u-@-g.‘.&..g.
21 I 1 %
(226=1 x 6) I selfed
ggeus
450 + @ + + = w = -
AB2 + ¢ + A D) - -
GBI T T A o o - -
485 + 4+ + DO - = =
466 v + + b « (D - -
6E : O IT



(243 ~ 2x5)
agecus
(364

{385

(265

(267
564(368
(&80

(870

{z73

b

R T O I I T !

(373
573 3*?:‘%

[y v

t 4k
}

i
I

:

¥
i

irds
577
(573}

]
i
'

!
i
)

Fz Generation

selfad)

S I B B I

+ 1
+

-
Foy]

+ 4+ 44 b

!

i

+ 44 8814}

+ 4

ohe ‘

+
4

-

4=

-

it
bl

:
s

O TR SRR S Y
P A S g
bl

(S

L'
4+
*¥
4 1+

o |

e

+@

+ +

)

,%..

2 I

(2735 x 290=3) T x IT

569 -
i
(873 =
ST3(EV%
(575 8
ISV 2
(577 =
L g T
TT(s7s +
(580 =
(&8 -
63’(’582 -
(583 =
o83(084
{688 =
15

+ o+

g

+@®
+(@1

3
e

i+t +

i
i
}

L1
|
}

£

&

4

t 1+
LK S A
+ b+ !
+ 143

+

i
3

(3]

o+

4+ 8
+ 4

!
'

+ 041
b4

o

+
T

+
+ %
.’.
i

&
i1+

+@ +

Iz

“B0E-

{288=5 x 2907 I =
{BAE = w = - @D+
546(B43 = =@ - +
(D80 o= = + v 4 +
ceg BBl =~ = @@ +
51{552 S S S P
Qﬁ?{m S S
GHHEBE o+ bt - -
(BB e w w = ¢ +
SEE(S06 = = = = = F
(GE7 o = = = + +
(B88 4 + + 4 = =
SOBi550 + 4+ F -
(861 = = = = + +
S60(562 o = = (= + +
(64) D+ ~ + =
DOY e = = om e E
16 T ¢« 17X

}
i

+

4 ¥
i 4+

i
i

+ @+



7. * Generatlion

o
Er

-ﬁz 32 I 3

(557 - 6x7) II selfed (857 - 2 x 3) II selfed
ascus

‘:’?g LR Sl 386 ot A @D — -

giﬁ‘{ "f"“*:i*’ BET = o= o kb b

e BRO e oo b b A

e JIIITIIS 00 - ---r@r

5T 11X 4I:211

{338=2x3}) 1T selfed
(333 - 5 27} II selfad

ascus BEGRE - - = =+ + o+
A70(a7) - = =@+ + + + (525 = =+ + m = + +
BR5(526 + + + b k= - o
(473 = = @+ + + + (527 + 4 + + w = = -
ar A ETE - - (DT ‘ B
(a5 ++ @+ Q- ~ - {528 = = = = 4 + +
(4786 + + + + = =@ = (B20 = = = w + + + +
G28(B30 + + v A = - oo
(477 = = ==+ + @D (BBl + + + &+ = = -
ATT(ATR = = v & b - - )
(479 @D+ + = = = = 53(888 ©<- + 4 - -+t
a5 T .

(480 = = = = + + + +
(48] = o = = = + + (B34 w =~ w = 4 + + +
480(492 = = + + + b = - S34LE3S) + + + 4 = - -
(483 *‘*""i"i‘@'i‘ (556 ""'@-‘i"i‘-{--{-

(484 = «@ = + + + +
SET 4 kR b - = -

5(486-—- - P
(5‘&1 P A O

(488 = = « w & + 4 +
488(489 =~ = -~ @ ¥ F + + ME @@+ T+ =@
(490...-..“4..5.;-.*. B544 T b 4 b w o= - -

wi:zll 18I : 5 IT

w30 -



The 6 arrangements of which 3 are shown in
Plg. 6 could all be the result of elther first-or se-
cond-division segregation, provided the spindles in
the second dividlon were 1ong enough and the sscus wlde
enough to permit the two middle nuclel to pass sach
other in the four nucleste stage. Fig. 7 is 8 disgram
showing mich a shift in poaltion., With such a shift, a
firste~division would produce the arrangement usuvally
aserited to a second~division segregation and vice versa,
If such a shifting occurred, 1t might be objested that
the data do not show evidence of more than one type of
segregation, But Yilcox (62 ) in her oytological study
of a ¢losely related apaciea,‘g. sitophila, shows that
no such shifting takes place., HYoreover, ascus 114 {Fig,.8)
proves that both types of segregation occur. A character
which was called tan, appeared in the mycelia grown from
the ascospores of this ascus. The conidia of tan were pro-
duced mopre sparsely than in the wild-type, and were white
or yellow, while those of the wild-type were oOrangs or
light orange. In Table VIII it can be seen that the sex
factors were segrezated in the first division, while wild
and tan were segregated in the second. Even if 1t were
assumed that the second and third nuelel exchanged positions
in the second division, the results show that both first-

«3l=



and second-division segregation must have taken
place. Pig. 8 shows a diagram of ascus 114,

Table IX is a record of the sex and arrancement
of the ascospores in 275 ascil of N. cressa, comprising
six genersatlions, These asci are all descended from a
sinzle ascus. In sach colum the numbers at the left
are the mumbers of the individual asel. Pluas and
minug signs are used to indicate whether or not the
mycleium of an individual ascospore produced fertile
perlithecia when mated to a teater atrein, The p lus
sigﬁ denotes one sex and the minus slgn the other,
The eight spaces from léft to right correspond to the
positions of the ascosporcs in the assecus. The Tirst
poaition indicates the macospore leocated at the tip
of the mscus and the eightth positlon indicates the
agcoepore located at the hase. A bracket at the
left of the numbers of the ascl indlcstes that all
of the asei bracketed coms from ons perithscium and
the number at the left of the bracket 1s the numbar
of the perithecium, Above each zroup 1s =hown the
mating vhieh produced the corresponding asci.

For exemple, O=1 x G-2 neans matins the mycellium from

wilaw
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Fige Se A diagram of the arrangement of sporce of opposite
ez and producing tan and wild type ovcell2 ‘n ascus
114. 7he arrangenent of the spores provas thst aven
if a shift as desorived in Tig. 7 had taksn place,
coth first-aad second-division se.resution ogsurred.
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the first ascospore in ascus O to the mycelium from the
second ascospore in ascus 6. The symbols I x I follow-
ing indicate that ascus O was an ascus in which sex was
segrezated in the first division in the ascus and ascus
6 was an ascus in which sex was also segregated in the
first division. Roman numberal IX is the symbol used to

indicate second division segregation of sex.

R
N S A

When éi:ééixﬁcregdid not germinate, the position
of an ungerminaté; spore ls indicated by a ring. Vhen
1t is possible from the position and sex of the other
spores to determine the sex of the misaing spore a plus
or minus sign is placed within the ring, From the fact
that 1in every case where all eight apores germinated,
there were four of one sex and four o the opposite sex
in the ascus, thls determination 1is easy to make.

The arrangement of ihe spores in the asci shows
that segregation of factors determining sex may occcur
either in the first or the second division of the ascus
nucleus, Exceptional ascil are marked by parentheses.
These undoubtedly are all due to slipping of adjacent
nuclel past each other during or after the third di-
vision. Precof of this point rests on the correspon-

dence between the arrangement of cultural characters

a8 shown in Table XV and sex as shown in Tale IX in
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the cese of ascl containing such shifted nuclei. Ascus
226 is a case in point., The arrangement of the asco-
spores of different sex shown in Table IX (for ascus
226) indicates a shift in positions 4 and 5., The ar-
rangement of the spores producing different types of
mycelis am shown in Takle XV conflrms the fact that

this is mersly shifting of the nmueleil, It is clesr that
tan and sex are independently segregated yet the same
peculiar arrangement of the fourth and fifth spores in
ascus 226 holds for both tan and sex as shown in Table X.
Reversing the fourth and fifth spores glves a simple
first division segregation.of sex and second division
gsegregation of tan and orange. Two other exceptions
which cannot be readily interpreted on this basgis are
agcl 1 and 10, but these were éiasected before the
writer beceme expert enough to be certain of his
technique.

To date no evidence has been obtained of segre-
gation of any factors in the third division in the
ascus. Fig. 9 1s a disgram of 2 hypotheticsl ascus
which would be evidence for a third division segre-
gation 1f encountered. Fone such sscus has been dis-

covered.
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¥ige 9e Diagram of & 1ypothetical escus ehowing
an arranzerent of spores of cpposite sex
and differcnt enltural cheapastera that
would prove that third division SOSreI e

tion had occurred. 'io such asecus has been
tm:xi.
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In order to ‘facilitate discussion from this
point on, some abbreviations will be used. In making
matings, individual ascospores are planted in separate
tubes on matrient agar until mycelia and conidis appear,
The: soma of the mycelie and conldia from two tubes is
planted into a third tube. Strieély spesking matings
are made between clones produced by ascospores and not
vetween the ascogpores. However, from now on, such
matings as that whienh produced the Fs generation will be
described as follows: Ascospors O~1 was mated to asco-
apore 0-8, or more brieflyj O~1 x 0«8 (I selfed). The
expression in parentheses is a second convention indi-
cating that the mating was made between nvecella pro-
duced by sscospores from the same ascus (selfed) and
that segregatlion of sex in that ascus occurred in the
first division (I).

Agous O shown in Table IX is the parent ascus
of all the N. crmgsa ascospores studled. From the Pg
generation which was produced by &2 I selfed mating
{0~1 x 0=8), six asci wers dissected. In four of
these sex was segregated in the first division and

in two of them it was segregated ln the second division.



Stated briefly: the Pp generation produced by a I
solfed mating contalnsd four I and two II. This is
67 percent I.

The four groups in the Py x P, back cross
generation contained 79, 80, 80 and 75 percent I re-
spectively. The first two groups were produced by a
I 21 mating and the second two groups by a I x II
mating.

It is evident in this and the succeeding genera-
tions {perithecia 124, 218, 230, 233, 239, 251 and 277)
that first-and second-division segregation of aex may
oceur in asecl sids by side In the same perithecium,.

Table XI summarizes the date in Table IX, It
is apparent that the three types of matings ( I x I,

1 x II, and II x II) give approximately the same per-
centage of I. The mean of the total 275 aseil 1s 85
percent I, and the percentages obtained in the

IT x II matin-:a vary no more from this mean than
those obtalned by the I x I matings.

Tabls XIT 2llustrates this point. All 2 the
matings are urouped into thelr three differenc clagsss,
I x I produced 85 perecent I; II x II produced 84 per-

gent Iy and T x IT produced B8 percent I.



Table XI.

Ceneration

Summary of Table IX showing

the

percentages of firat division
segregation produced by twenty
matings in seven generations.

§§§§%3§2: ﬁﬁt%&g
& I selfed
1o I'x I
Ix I
I x I11%
I xIT?
16 Ix1I
62 I selfed
4 T selfed
11 T xX
17 IXI
22 I selfed
14 T selfed
& I selfed
16 I x 1T
w Iix I
5 il selled
ig IT selfed
6 II selfed
i8 11 selfed
Hean 35% I

-34a-

100
73
32
96
86

100

88
83
20
67
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pable XIT. Data in Table XI arranged to

show the percentage of first
division ssgregation produced
by all the IzI, IXIY and TIXIT

mﬂtiﬁgﬁ »
Tamber of Eber o Percentage
Hating asecl show- agcl show- of first
ing first ing sscond division
division division segrecation
segrecation segresstion _
Ix1I 155 27 85
IxII 37 S 88
IT x II 41 8 54
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The best test Jor the possibility of genle fac~
tors regulating the type of segregation 1s selection
and subsequent crossing. Table XIII givesz the resultsa
of zix generations of selection for first division seg-
regation. It may be seen from the table that even after
silx generations of I x I matings, the percentage of first
divigion segregation iz not increased.

Therefore, thers is established this definitive

numerical datum: Sex in Heurospora crassa 1s segregated

in the first division in the ascus in 85 percent of the
agel and in the second division in the ascus in 15 per-
cent of the asci. These percentages are constant re-
gardless of whether sex had been segregated in the first
or second division in either or both parents. It 1a
not possible by selection to increase or diminish these
percentages, Thus the type of segregation obtained can-
not be directly attributed to the effect of genic factors.
On the bagis of pure chance, four types of II
should occur equally frequently, Table XIV shows the
frequency of esch one of the foar typea encountered in
the forty II ebtgin&d. The 26 cases in which four like
nuclei are grouped in the center of the ascus as com-
pared with the 14 cases in which the like rmclel are
arranged by twos in the ascus indlcates an attraction
of 1ike nmuclel for each other, but the numbers obtained
are too small to be conclusive.

=358



Tabls JITT. Besults of aelection for first

division segre;ation carrisd on
through six generations.

Nonoer FErcencage
Genseration of of first Nating
agel dlvigion
segrogation

Pn & &7 (QelztmiY (T 3elfed)
Poys T 19 79 (O~1x6~2) (I x T)
P, 13 88 (4-5x6-3)(T = I)
Fl 52 a6 (234=~1x7) i~ 381lcd}
Fﬁ by 82 {(225=Tx229=-3) (1 % 1)
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Tacle XIV= Fregquency distribution of the
four possible &ypes of second
division segregaticne

Type of IX rreguency
N i6
e T e 10
B T . R 9
- - e ow o E 3
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IV. INBERITANCE OF CULTURAL CHARACTERS
1. Deséription of cultural characters.

Among the ascl produced in the first two genera-
tions, no deviaticonsfrom the wildnt&pe cultural charac-
ters were noted. In a third generation from which over
thirty asel were dissected, one ascus was different from
the rest in that the mycella produced by four of its
ascospores were extreme variants from the charascteristie
wild types growth. This ascus (114) was one of the 19
others obtained from a sinzle meting, but none of the
other cultures from ascospores of the other asci showed
any indication of this variation., This variant was called
tan and, by using 1t as a parent, several subsequent
variasnts were obtained. A deseription of the cultural
characters of theze variants as they appear on corn
meal agar follows:

8. Wild Type. The wild type culture of N. crasss
conteins a denge growth of bright orsnge conidia in large
clumps almost filllng the.diameter of the tube a short
distance above the agar, The agar slope ia covered with
8 fluffy growth of short grayish white mer»lal mycelium.
At the upper rim of the agar, below the msss of conidis,
there is & c¢rescent of dense cottony white fluff. The

substrate rarely has any color other than that of the
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agar ibself, but ocvasionally a small light or dark
brown spot appears. Numerous bulbils appear in most
wild-type cultures, 1In gsome cultures these are color-
less and can only be seen with the microscope, but in
others they turn dark brown asnd give the culture a
specked appearance, Occaslonally a few of these enlarge
to the size of normal perithecla btut erushing them always
discloses the fact that they contain no ascospores. Al-
though these sterile perithecla are encountered in both
kinds of unisexual cultures, they are more frequent in
those of minus sex. The abbreviation w is used to de-
signete this type of culture.

b. Tan. The tan variant never produces the densge
masgs of conldla that characterizes the wild type culturss.
The color of the conidia may be white, yellow or 1ight
orange. The substrate is smooth with no serial mycelium
and haes a tan color, It is umusual to find the specking
characteristic of the wild type culturea in a tan culture.
Five classes of the tan variant are recognized: dark tan
{at), tan (t), light tan (1lt), very light tan (vt), and
extremely light tan (xt). Dark tan cultures (4t) pro-
duce extremely sessile conidiophores and white coriiia,
Extremely light tan cultures (xt) produce almost the same
color and density of conidial growth as the wild-type

B v



cultures. The other classes fall between these two ex~
tremes in the order named. That is to say, there seems
to be a definite correlation, with few exceptions, be-
tween the density of the substrate color and the amount
and color of the conildia.

¢ Albinistiec. Albinistic (a) cultures contain
fluffy white mycellum growing two or three times higher
in the tube than wild typs conidiophores. The ends of
the hyphse that touch the tube send out a radiate finger-
1ike cluster of short hyphae tightly applled to the gzlass
thet are suggestive of appressoria, The name slbinistie
is used because of the slimilarity of this charseter to
the albinistic strains developed by Dodge in the specles
K. sitophila. At the base of the white Iluffy growth,
conidia are produced in masses conaiderably less dense
and lighter in color than in the wild {ype. Tan sub-
strate sometimes oceurs in albinistic cultures (%ta) and
when this happens, the hei:ht to which the fluffy my-
celium growa in the tube is much reduced and conidium
formation is almost sntlirely suppressed.

d. Even. The even {(e) character gets its name
from the fact that an even velvety yeilow zrowth of
mycelium fills the tube completely a short distsnce
atiove the agar. The even character of the growth 1s
very pronounced. It spreads entirely around the imnsr
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circle of the tﬂb? with no prominencesa or depressions.
The outser edge of this circle is made up of yellow
clavate appresscoria tizhtly applied to the glass, Huch
reduced sesslle bunches of conidis are produced below
the ring of even growth.

e, Fale., The pale (p) cultures differ from the
wild type in the extremely light orange color of the
conidia and the perfuse sparse growth of the conidio-
phores. '

f. Black. Black (b) cultures resemble the wild
type except for the appearsnece of an orange colorstion
of the substrate a week or so after the ascospore is
planted which changes to dsrk brown in a few weeks.
When this coleration is very intense the culture is
called dark black {db) and when it is not very pro-
nounced, the culturs is called light black (1b).

e Opaiescant. Opalescent cultures (o) are
characterized by a perfuse growth of conidiophores
vearing a few light orange conidia and a pearly felted
appearance of the substrate. This felted appesrance of
the subatrate somstimes appears in tan cultures (to).

h. Orange. Orenge {(or} resembles wild type ex-

cept for an orange coloration of the sgubstrate.
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2. Inheritance of tan.,

Following the appearsnce of the tan variant in

ascus 114, a series of breeding experiments were performeds

Table XV gives a detmiled record of these experiments and
Fig. 11 is a condensed genealogical itree, Three matings
were made from ascus 114: 1 x 7 (wx £), 1 x 8 (w x t),
and 3 x 8 (t x t). The first mating was made in duplicate
in two different tubes. Fifty-five asci were dissected
from this cross and planted on corn mesl agar. Table XV
ahows the positlon of the ascospores in th& ggscus and the
various characters developed by them in culture, A firat
glance at the table shows the secarolty of opalescent cule
tures obtained from the mating made in Tube A and the abune
dance of them obtained from the mating msde in Tube B,
Thies indicated that sccidental selection of one zector in
transferring the cultures had resulted in hereditary
tranamission of the selected character.

The next thingz that strikes the eye is that a
gingzle perithecium ss, for example, perithecium 233 mey
produce (in this cese) five different kinds of asci,
Purther inspection of the table reveals that four tan
cultures were produced from almost every ascus, “ut the

other four cultures instead of being wild type were
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Table XV Cultural characters of five gensrations

217

{218
{219
({220}
(221
213(222
{223
{225
({(226)
224

(230
230(231
(232

(233
{234
{(238)
233(236
{237
(238
(239

240
242

(243
243( 244

249

of N. crassa and position of ascospores
in ascus.

First Ggnerstion 114 - 1 x 7 { w =z t)

Tube A TOBE B
t t &t t or on(:9 or 5 (262 W W Lt o
(253)t ¢t t o ¢t
t £t t t 1b 1b 1b 1b
t &t £t £ or or db db 264 0 o o o 1t
+t £+ ort ort » b 2550@1t1t0
v @t £t ® t b b 257 o o %
P b t & b b t t
t ¢t t ¢t 1b 1b éb db 258(258 o o 1t it 4t
t &t 1blbvorort © (258 o o dt dt 1t
orort ort or t %
ib £t & t ¢t 4 1v (263 o o dt a4t 1t
(264 o o 1t 1%t 1t
dbdbt &t ororbd b 2255 6 o 1t dt dt
1 1lbw w or or db db 260(286 0 0 o o 1t
Ezav 1t 1t o o dt
1b lbw w 1t 1t dt dt 268 o dt o dt 1t
eror lblibt +t t % onl dt dt dt dt o
orort t w ® w ¢t ovA 1t 1t o o o
t £t or or db 4b or or
Q O o ¢ 9 9 O ¢ mbaﬁ"?
o o 1l dt 1t dt o o
PEootao T b w2035 0 1
ororlblbt t t &
oror 1b1lbt ¢t t %
(277 o o dt dt
t t orordbdb t & 277(278 0 o dt %§ 1t
orort t orort t (280 o o 1t o
t &t dbdborort ¢t opy$281 1t 1t dt dt o
s o ltlto o o o (282 1t 1t 0 o o
6 0 6 o 0 0o 0 o0 284(284 o o o o dt
w w % t t t oror (285 @ 150 o o
286 0 ¢ o o xgg
289 1t 1t o o
{e91)e o 0o o %
291(o82 w w &t t &

=408

o
3

0o+
12

<

et L O QOQ
ot et

QQ

QOO CQ
O&O

o
(12

1t
1t

1t
dt

at

O0LDOQ OO0
ot

ga

1t
1t

1t
dat

dt

1t 43

1t

it
w

it

it
w



Table XV - Pirst Generation - continnsd.
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28%-1 x 230-8 (t x t)
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Table X¥ - continued.

Sacond Generation
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Table AV «~ continuned.
Second Ceneration -~ continuesd,

243-2x5 (o0 x o} Offspring of selected clone

160-1t x 160-8t

(364 w w db dbw'w b b (493) W w 1t w 1t 1t 1t it
%565 dbdbwwwwb@ 484 w w 1t ltw w 1t
366 w w b B b b w w
(367 » » w w vbvbw w (495‘@1’50"""
564(2%68 w w 1lblbvbvbw w (496 v w () O 1t 1% 1t 1t
(362 b b w w w w b b 495(497 1t 1t® w 1t w
(370 a3 db w w w w b b (498 O 1t:lt 1T w v W
372 dbdb db dbw w w =
( 499 @ w 1t itw w OO
374 w w db db w b b
375§3?5bbwww:bb5m%5%ltlt1tltwwww
501 O Ow w 1t 1t 1t 1t
(o78) b e ¥o¥ db" . 502 w w 1t 1t 1t 1t
78) db w 1b O W % v w
5 v v 503 1t 1t w w w w 1t 1t
226-1x6 (or x or) 160-1w x 160-8w
o 0
fe o Me®O 0 e e (s ltititity w ow ow
452 e 6 6 e DO w w (508w w w w 1t 1t 1t 1t
453 © e wW W W W & .@é 504%%%@“" w %E@{tv{t
- ' ¥ 9 w W
gg::éggg 50Bw w w w 1t it 1t
4686 w e w & 8 @ w W (509 1t 1t It It w w @ w
45799“"”*"“‘73'509(51gltltltltwtww®
Bl 4 w 1t 1% 1t 1%t
228-7 % 216~4 (1b x 1b) 2512@ w @ w 1t 1t 1t 1t
545a » @® p p w w Lo Lo 513t wiwit w w w w
545b w w p ® 1t 1t O O 514 1t 16 1t b w w w w
545¢ t ¢t p P P P W w 515 1t 1t 1t 1t w w w w
(518’11: ltitw % w @
517(519w w ¥ 1t 1t 1t t
fandem ascospores
(820w w w w @ 7 w w
17t :17w: 31lp 20(521® w O O @ w 1t 1t

-404~



Table XV - continued
Third Generation
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Third Generation =-continued
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Table iV - continued
Third genecretion continued
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Third generation - continued
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TABLE XV - continued
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Table AV = continued
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mostly diverse variations from wild type. In seven asci
the 414 ratio was not obtained., From four asel (228, 233,
243, and 254) there were produced two tan snd six non-
tan cultures. From three asci (229, 234, and 244) no tan
cultures were produced. In many of the asci two different
kinds of tan, light and dark, were obtained. This indi-
cated the effect of another factor modifying tan.

Fig. 10 glves these data in condensed form.
Inatesd of indicating the eight ascospores in an asocus,
four symbols are used to indleate the four pairs of agsoco~
spores. When individusl ascl are indicated, the first
symbol to the left indlcates 1 and 2, the se¢ond svmbol
indicates 3 and 4, the third symbol indleates 5 and &,
and the fourth symbol indicates 7 and 8, When 2 number
of asci are indicated, only tie ratio is ziven by the
symbols. All cultures othoer than tan are shown as wild
type, because all of the non-tan variants resembled wild
type in most of their charagters,

From & second mating within the ascus, 114-3x8
{t % t); Tourteen sscl were dlssected. Tine aseil pro=-
duced four tan and four variants resembling wild type,
while {ive ascl contained two tan produecing snd six none

tan produsing ascospores., It is obvious from this teast

4l
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that the tan character does not breed true.

A third mating, 1ll4«1x8 (w x t), was made.
Plve asel were dlssected and these prodused each four
non=tan and four tan cultures. It was noted at thils
time that when conidia and myselium from tan cultures
were transplanted to other tubes, the tan character
usually failed to appsar, the culture reverting to wild
typs. Two tan cultures (150-1 and 160-8), offspring
of this third mbting, were chosen to study this phenoe
menon. Conidie were sowsd on plates and suboultured by
cutting off hyphal tips and transplanting them to asmsll
tubes. The subcultures from each original culture were
gselected for tan and wild typs. About 400 subeultures
were made in from three to alx clonal generationsg and
cultures of wild type were obtainad which rarely produced
any tan offspring. The tan lines, however, always showed
some reversion te wild type.

One of the tan cultures selacted from 1560-1,
was then mated to one of the tan cultures selected from
160=-8 and seven of the resulting asc!l were analyzed,
Each coﬁt:ained four tan and four wild type producing
agecospores,

One of the wlld type cultures selected from
180~1 wag mated to one of the wild &type cultures

- -



seleeted from 1l60-8, and thirtesn of ths asecl analyzed.
Twelve containsd fow ten produeing and four wild type
nroducings agsecosporea. One of them contained eight wild
trpe produeing'ascosporea.

As shown in Fig. 10, two more tan by tan matings
woere made in the Py, From the mating 223«-1 x 230-5 (t x t),
eleven asci were dissected. Ten of these produced asci
conbaining four tan producing and four wild ftype produc-
ing ascospores while one of the asci produced eight tan
cultures, From 2 second mating 2886 x 2007 (t x 8},
nineteen asci were dissected and each contained four tan
producing end four wild type producing aascospores.

It i3 evident that the tan character does not breed true
any more readlly in the Py than in the Py, esnd that the

attempt to stabllize the caracter by asexual selsctlion

had failed,

Fig. 10 shows a third mating of opalescent by
opalescent among -he sister asci of this group. The
agel from which these opslescent cultures hsd been ob-
tained had also produced ascospores fyrom winich tan mye-
celin zrew, Oixteen asecl were dissected from this mate
ing of 290«3 x 2733 (0 % o) and every ascospore prow

duced the wild type character. Opalescent resemblea
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wild type closely so that 1t 1s difficult to atate abe
solutely that this was a tase of reversion, but it is
important to note that no tan appeared in the progeny
of this opalescent x opalescent mating, Apparently tan
was completely separated from its allelomorph in the
gecond diviaion in the ascus.

A sacond mating of opalescent by opalescent
was madd as is shown in Table XV, The parent ascus
{243) had produced two ta§,and aix aﬁalasaent cultures,
From mating 243-2x5 (o0 x o), twelve mscil were di-seeted.
Each ascus produced four wild type and four “lack cul“ures.
It is clear that one pair of opalescent cultures differed
genstically from anothar palr.

The mating 2237 x 229«8 (db x db) produced
only tlack sulitwmres., The “lack character bred true in
this generation, bat on later inbreeding of this line,
as shown in Fiz. 11, only wild type offsprinr were obe
tained,

It 1s interestinzy to note that variationc of
intensity of black were entirely different charactars
cenetically althouzh one looked like & dilutlon of the
othar. Thig fact was shown by the mating of the 1ll:ht
rlack and bleck eulture {228«7 x 21¢-4) (1b x b), Esch

ascus produced pele, willdetype, and tan eultures in the



ratio of 2:1:l. Sizty~rive random ascoaspore oculturen
verified this ratio. *rm& ghowad that non-tan segre-
gated from tan may again throw ten offepring. A ase=-
cond example of the same kind is the inbresding of the

| ﬂ.binil__tiﬁ Ma_a,' ghown in Fig. 11, Although the purents
of the albiniatio lins were wildr-type, when albinistie
wes produced, tan resppeared.

A striking example of the faet that the offe
spring cbtalned by ﬁms;.ng two like mycells may show
entirely new characters, is in the mating of the two
oranze oultures £26e] = 226-6, Each sscus produced
four wildetype and fouwr e¢ven cultures,

Ascl 537 and 338 wers nelacted from the so-
cond gemaration for further breeding teats, From mite
ing 337-6x7 {& x t), six ascl were dissected, Four tan
and four wild type culturss were produced from esch ascus.
The parents, grand-parents &nd one of the great-grande
parents were tan tuat etill the mating throe half ten end
xalf wild type offepring,

Two matings of the non~tan oultursl) charzctera
sppaaring in the agel 337 and 358 werse made, From mage
ing 337=-2x3 {w x w), six ascl were digsected, Only wild-
trpe of fepring were prodmm. Two of those when mated

- 5m



Fig. 11, CGeneslogleal tree showing the development
of pure breeding lines by ;nbreodgﬁg.
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threw wild type in the next gemsration. From mating
338-5x7 (0 x o), twenty asecl were dissected, ALl of
the offepring were wild type. This is the same result
as that obtained in one of the selfings of opalescent
4n the first generation, Apparently the wild-type

and apsiw&mk m*kwan @%M@&’»@ a0l 337 snd 538
do not thvew &3%3 ‘gonsideradbls mumder of tan az‘fawm.
it ia &a@ar@&%x&g te noté, on the other hand, that
‘prastimlly half of the ai‘fmng of the tan m&%mx
from the sams two assi were wildetype.

- Prom muting 338-2x3 (¢ x ¢}, W@r;%f' asoel were
dissected, These foll sharply intc three classes, Ten
agel prodused only wild typsj emt asel prodused half
wild type and half tsn, end two asei produced half wild
type and half submerged. (Submerged is shown by the
hyphas from the gorminated assospore gm&ag only & fow
contimetsrs through the agar befere the ¢ulture dles,
This is & true lethal charseter)., Hore interssting
than the fset that three kinds of asci wsre produced, is
the fact that all of the mecl from a single perithecium
were alike, Referring to Talle %V, perithecia 525, 528,
and w, sroduced only asel which contained eight wild
tyi%i pméa&ng aseoupores. Ferithecla 632 end 534 pro-
a&@é enly nsel containing four wild type producing and

-dBm



four tan producing ascospores, Peritheclum 538 con-
tained only asei produeing four wild type produsing and
four su merged producing assospores,
A second mating was made in sacus 338, ‘The

two tan sisters of 2 and 3, that is, 1 and 4, were mated,
" From 't::hia. mting, 338-1z4 (t x 1,:_.)',_ 79 ascl were disseoted,
Teble XVI shows the numbers of p;zvitheeh whish fell into
ﬁha three differsent slassess {i} all wild typs, .{2) four
ngcospores wild type &nd four ten from eu.%sh asous, (3)
&1l tan, Table XV givem the detalils of this mating and
shows that the seooRd clasg osn be subdivided i:to ot :
lesat three othar clagaes, In twe perithecia, 6435 and
c48, the asei were m:u--d; It wlll Ve later showa that
‘the mixed perithecia can be logioally explained, The
sintlarity of the asel obtsined from the same poerithesium
was much grester than san be indigsted in the table.
There was & striking uniformityof the cultures from esch
perithegium in the color of the conidia, the habit of
growth, the ppaking of the substrate, the production of
fluff, ete, that mstmama@ them from the dulturas
from other perithecis, 8pace does not permit & Suificlent
aaswi.ptim of those aifferendes, | |

| It 1s clear that the natupre of the szoua is
d;wa-mud &t the crigin 61.‘ the peritheciun, This s &
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genstic demonstration of the seme feot that Harper ( 42 )
demonstrated oytologlesally.
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3. Proof of muclear interchange betwesn thalll
of opposite sex, '

An experimant on the oroass breeding of pure lincs
gives a slsar y#@éf‘af the feot that nuslear inteprghange
mast be effeoted between thalll .of opposite smex, Fig. 11
shows the development aad,gnaaaté; of four pure lines that
were develeped, The detalls of the data are given in
Table XV, The even line bred perfectly true. 7The albinis-
tic lincs slways threw & number of tan cultures, but all
these tan cultures were also albinistiec. From & mating
772-1 x 743-1 (& X o) ssveral asol were obtained producs
ing four albinistic and four even culturses, Some asel
produced some wild type. This s expected since each
pure line may contaln the normal allelomorph of the
other, The dotalls of the result will bs published in
& later paper. It is important Lo note that the re-
covery from & single asous of true breeding typos so
different from the wild type and of such divergent ori-
gln is alssr proof that nuelear intercshange betwsen the
two dlfferent thalll must heve taken plase,
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4. Crtologlicesl and genstic evidence of the
"doutle fusion" in ¥. Grassa.

Harpsr { 42) first proposed the idea that
there were tLwo moxual fusions in the mscomycetes, He
demonstrated cytologleslly thet ona fusion tekes plece
&t the initiation of the perithgeium. Dangesrd {( 14)
had previously shown that one fusion tekes plece &t
the Initistion of the ascus, efter the psrithecium is
formed., Cytolosicel end genstic evidence will be pre-
sented to gaow that Lovh these fusglons oseur in N, crassa,
This phenomenon is ezlled the "double fusion®, It w11l ale
60 be shown thet the first fusion in the case of X, ersssa
involves four nuclel, two from esch parent, This means
thet three neiogss must oceur. The placses where these
neloses ocour will 8lso be shown,

w@atinges were smde on & thin lajyer of agar
gpread on elides and the hyphee killed with Flemdng's
witiout acetic and stained with iron haemctoxylin.
Plete I,{fige. 1, 2, &nd 3) show hyphee of X, crasss
in the neighiorhood of young perithecia, Eaeh sell
in these hyphse was a dicaryon except the initisl of
the perithscium which contalned four nuclei, The nu-
clel were large &nd st-{kingly paired. Thege myeellal

threads could be traced back through ensstomoses to

50



unisgexual hyphas such &g those shown in fig. 5. Those
threads grew rapidly and the mycelis &s well &: the
perithecium initlel bsoams multinucleste, as shown in
fige 4. The initisls colled as sheown 1 figs. 4 and &,
gnd & zZrowth of hyphee around the coil formed the peri-
theeliun, | v

¥ithin the peritheclium of H. orussa, typlea’
erozisers were found as deserived br the Moresux. Flg. 7
shows five such escus initiels., The Horesux have shown
that the crogiers, like the one shown in fiz., 74, arises
from & uninuclesate ccll, It 12 on this faet that the
complate prect of the "double fusion” rests. There is
much objeection on & priord grounds t¢ the idea of &
"double fusion”, On such a ~asis it could very well be
objected that the dlcaryons in the perithecium initiel
were merely assosisted nuclel which divide conjugately
until reeching the mgcus initisl and t .ere fuse. The
finding of the Horssux that the sscus crozlier arcss from
e monomucleate ifnitial, conblned with the genetie evi-
dence colilected by Dodge eand the writer, firmly establish
the feet that a "double fusion® did take place., The
genetic evidence is clinched by eross breeding of the pure

linss alivinistiec and evan,
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The genetic expsriments already reviewed
show that both & tan x tan and & ten x +ild meld ng may
producs tan snd wild offspring. This is & strong argu-
ment againgt the use of cherac¢ters thaet have not been
inbr=4d until there ean be no gquestion of thelr purity,
in breeding experiments designed~{o solve the question
of nuclear interchange betw-en th;lli of opposite sex,
Fupthermore, 1t is &n argument against the use of wild-
type in metings t¢ study nuslesr behavior becausze saveral
of the varlable types studiled revert to wild type., THow-
ever, & oerteln definite percentaze of wild type must be
expected on the besls of the assumption that each pure
line eontain the normal sllelomorph of the other,

Albinistic and even were both carefully tested
for purity of the two cherscters involved., A mating
was mads bebtween them. The offspring in many sscil con-
tzined four albinistic and four even producing ascoapores,
This 1s proof of the Interchange of nuclel bvetween two
thelll of opposite sex,

There are two objectlions to the interchenge
of nuclsi between thalll of sypésite sex in Heurospora
tist h&éa hesn recently raised in the literaturs, The

first 4z thaet of the Woreaux,(52) They point out that in



voth homothellic and hetepcthalliec speciess of Hew ospors,
the perithecie originated from a coll such ag that ghown
in Plate 1. fig. 4, and that there was no evidence of
the orgen that they conslder to be the trichogyne effect-
ing & union with the coil. Flg. 6. shows a goil orizins-
ting near two ansstomoses. Gaifﬁ;&lw&gs orizinate near
anagtomoses, but it is impossible as Koshler (49 ) has
ghown, to find & fleld in & totel mount of & culture of
Heurcspore thet does not oontanin some anastomoses,
Furthermore, the sepiations in the larger hyphae s-e
falee &s ehown in flg. &, resembling thoge found by
Lehfeldt {51 ) in the hasidlomycetes and shounld allow
an essy exchange of nuecledl, It iz thus clear that en
orgen sush s & trichogyne lg unnetegsary =nd that 1f
it 41 exiut, 1t would b &t some sztage previous to the
initisls, end not et a steze g0 late By the coll,

The second onjection Lg thet of Yoehler {42 ),
He pointed out thet ansstousses were equally mumeornus
between the hyphse of like and unlike sex, He 2lso per=
Formed thﬁ‘féiicwing experiment, He greow conldis of une-
like szex tozether and rerdved and transplented the hio=
phael tips expecting to get some of thenm to produce perie
thecia, Ve frilsd to obtzain peritheclisa in everr one of

150 trisle., The follewing experimsnts show that this would
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ha sxpected,

When matin:s were made in test tubes, it was
negegsary to plent the two inoccula some dlstsnce fraom
esch other in order to obitain many perithecis, If the
two inccula were planted in the same spot the crop of

perithecis was gmall, Dodge ( 29 ) has shon thet peri-

¥
Ty

thecla arise usually on only one tide of the plate when
two inoculs of opposite sex &re placed in the opposite
gaides of petrl dishes. The wrlter spresd & very thick
suspension of mixed spores of opposite sex over the sup-
fece of a plate of cornemesl &gar. No perlthecia developed.
In & sec ni plate, haelf of the plate was covered with the
thick suspension used sbove and on the half of the plate
inooulated, ne perithecle appeared while on the other half
& few small perithecis developed. In a third plate,
inocula from the same two cultures were placed st opposite
erds of the plate and numercous perithecls were produced
on one side after the mycelis met end later & sprinkling
of perithecisa asppeared on the dther side sz well, This
evidence showsd that Koshler's experiment 4ild not test
the qusstion of whethar or not nuslear interchengs tock
plece &t enastomcaes,.

There ls empls proosf thst the ascus nucleus

orizinstes by the fusion of two nuclel, Since the
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Yoreaux have shown that these two nuclel are derived

from & sinzle nucleus and since the sgcospores produced
from the ssgous nucleus sgiow the characters of both parents,
the only conelusion possitble is that the sinzle rnucleus

in the ascogenocus hyphae 13 & fusion nuclsus, Since
pairing in the ascogenous hyphae did not oceur, it is
reasorable to bellieve that the peired nuclel found in

the peritheeium initial fuse., This is the first fusion,

snd the erozier fusiom 1g the sscond,
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5. Uxperiments on the inheritance of tan and wilde
type by the use of sel-oted clones in mmitings
and the besrin: of these data on the guestion
of & tebtraplolid fusion in the peritheclium {nitisl
of . CTEoiG,.

The unsuccessful gelection experiment eited
in the tase of the ten ﬁﬁlﬁﬁr@st§?ﬁﬁ gsous 160, was
repeated on the ter cultures 1 and 4 from asous %38,
Crtologiesl study of hyphal tips, after the firsh ex~
periment wae coumpleted, showed that the hyphal tips
were wore orowded with nuclei then any other part of
the thellus, and since these nyphee arose from an
angstomosed myeelliux orizinating from & polysporous
inogulation, it was decided to try asexusl selection
by sinzle conidium cultures, A single conidium some-
times contained & single nucleug and often three
nuclel, but in the msjority of cases, two nuclel
woere found in eschh eonidium, Single conidie wers
isoleted from the btan cultures 338«1 and 338-4.
Tihe subcultures grown from these eonldia fell into three
eclagsest tan, wild type, ard intermedlists, Tan and wild-
type were selected from both soarces for further selece
tion and st the end of the fourth asexusl generation, &ll
four elones were apparantly pure. OSelectlon was made for

& fifth generation and all twenty cultures frow sach clome
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maintained their purity. Then two of these purified
»ild=type clones were mated with the result shown in
Tabls AV - Third Generation, Sifepring of Selected
Ciones., 4 sgin le escus was selec¢ted from each peri-
theciun since the previcus results froxm unzeleseted
ciones hed shiown that all of %hﬁﬁgsai from one perie
thecium were alike. The tatle shows that three types
¢f perithscis were Gbitzined) one in wihich ell sizht
spores from the gssus produced wild-type culturesy one
in wideh six wild-type and two tan epores were obtained
from each ascus) and one in which four wildelype and
four tan sporss were ObDtalined from each ascus, There
were Lo perithecis found conbtalining &ll tean sscospores
end & new type of perithecium countalning asci with s
3:1 ratio of wiid to tan wes discovered. Table XVI
shows the kinds of perithecis ohtteined from the mating
of the unselected clones 3358-1ix4.

Galeoulstin: tChe total percentage of wilde
type found In all ¢f the verious kind of perithecis
wnot sseil), the table shows that 47 pereent wild-iype
were c¢btsined, Table XVII shows comparable dabts Ob=
tained from the watiling of selected e¢lonss., It 1g ap=-
parent thst the s&bility to throw ten has not besn lost

entirely by selection, but the percentage of wild-type
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Table XVI Clagnes of papitheciz obislned from

the -atii: of the uns=lected clonss
333«1 2 338«4 (L = L)

Clagses of Pesrithecia

wow W W ww bt t t &t ¢ Totel pere
- contage of
1 14 2 w BECOEDOTS

47

Teble AVII., Clesses of perithecis ¢htalned from naie

ing of =114 type clones selescted from tan

clongs 3538-1 x 538«4 through five conidisl
zenerationsg.

clagses ~f peritheclia

¥ ¥ W W % ww t vwtt Total percen=
tage of w
B8COSDOITE
5 11 &

75

~578-



has been incressed from 47 to 75 percent, The percen=
tage of tan has been decresssd from 83 to 25 percent.
The new type of perithecium whieh was encountersd,
namely, one which conteined agol with six wilid-type
and two tan ascospores, &y well sz the absence of the
all ten &scl, were further evidence of the positive

effects of selection. v

S
”»

The selections were made just as soon es it
wag possible to recognize the cultural charscters,
that 18, two or three deys after planting the single
conidium, Yo matings were made between the agexually
selected tan cultures, but after they had ;rown for &
few wesks, forty polysnorous transfers were mmde from
them, A1l of these subecultures developed wild=type
or intermsdiate cultural cherzeters, That this cuane
not be considered gvidence for mutstion of ten beck to
wild-type 12 shown by the fsot thet when the hyphse of
a sister of & tan ascogpore ars mutilated in transferring
the germinating sscospore, the cultursl character dow
veloped by the mycelium is wild-type, The main resson
why hyphal tip selection iz so unsuccessful is bscmuse
gimilar phenotypic varistions are produced by the mue-
tilation necessary to remove the hyphal tip. This is

ghowa by the uniformity of hyphal tip cultures, as



conpared with the diversity of single conidium cultures
made from the same origlnel eulture.

These experinments show that thallus developsd
from a sindle &scospore conteined more than one kind of
nucleus. In this cennection, it ig lmportent to recall
that the ascospore of K. e¢ras & is a dlearyon. Cytolo-
glcsl investigstion of Dodge, confirmed by the writer
growsed that es soon sg the wall of the esascospore bezan
to form the single nucleus inclosed within the -ell die
vided forming two nuclel which took up thelr positions
cpposite esch other on the ghort axis of the spore,
¥oreover, the writer has found thsat the single nucleus
Gelimited within the escosgpore, followin. the third
division in the uscue, was very different from eny of
the other gseseus nuclel, It enlerged to practiczlly the
game slge mg the ascus Zyrote nucleus &nd formed a
long styingy spireme, These steges were very freguently
found and spparently lzsted lonzer than any of the othser
nuclesr atages in the ascue exerpt the éseus zygote nue
cleus, The twoenuclesabte and four-nucleate stages &re
extrenely infrequent,

Thes experiments on selection show clearly that
this digeryon, wihich resulted from & nuecleus resembling
one preparing for maturation, gontained different kinds

of nuclel,
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In the faes of thls svidence, it was unnecessary to asg-
sune mutetion as the cause of these different kinds of
nuclei, but much more reasonable to suppose thet the
nucleus delimited in the sscospore wes & diploid nucleus
{(nomozygous for sex) prepering for & mslotic division,
From this meloslie, & maximum of {9&? different kinds of
nuclel could be formed by & ea&biﬁétioﬁ of pre- and poate
reduetion of the various facto-s, It has been shown that
the first two divisions in the ascus were reduction 4i-
vislonsg, which constituted m single meloslis, eand that the
third division wes mitotic, If the nucleus resulting
from this third division were diploid, the zsous zygote
nucleus would be tetreplold, If & single welosis oc~
caurred in the crozler, as waz indleated by the variety
of ssol produced ia some perithacisa, the single nuscleus
in the erozier inlitial wmust have been tetraplold, If
this nucleus was derived by mitoses from & single fusion
nuecleus that was formed in the p ritheeclum initisl, that
fuzion must have been tetraplold and involved four nuclel,
presumably two froz one thallus end two froz the other
thellug., It is noteworihy thet four nuclel were found

in the perithecium initisle, 7This line of reasoning
indientes that ell four of these nuclel fused to form a
singles peritheclial fusion nucleus, but this fusion has

not been observed.
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It 1s obvious that melosie of & diploid heteroc-
z?goug nucleus (if no other genes are involved) could not
produce & 3:1 ratio. Horeover, & single meiceis of a
tetrapiold nucleus with one feetor for ten end thres for
wild=-type would produce four diploid nuclei, itwo of them
heterozygous for tan and wild-type end two of bthem homo-
zygous for wild-type., £ zecond melosiz would resul: 4in a
311 retio, with the subsejuent result that the redusced
nuclei would be haploid, In order to cbisin & 311
retlo with the production of diploid nue¢lel in the msco-
spore, double melcels in the first two divisicons in the
ascus of an octoploid ascus gygote nueleus would be re-
gulred. Another sssumption, Justified by the genetie
data, is that & single melosis of & tetraploid &scus
zyzote nucleus produces twe nuclel heterozygous for tan
end wild btut one of them is phenotypicslly wild becsuse
of the independent segregatlion of & modifler, The varise-
ticneg found in the tan character, particdarly in the 338-1
x 4 mating, are evidence for the exlstence of modifiers.
The production by inbreeding albinistle and by selfing
1izht vleek, {cheracters ziving no evidence of tan) with
the subsegquent production of tan in thelyr progeny showed
complete suppression of the expression of ten in mycelis

sontaining the factor.
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8, Psroentagecs of first-division segre-ation of
the feetcrs fo- various cultural charscters
and the bearinz of these dste on four-strand
crosaing-over in K. crasss,

Fige 10 shows that in the satteupt to inbreed
vlack, the character reverted to wilde-type. Since blasek
resenbled wild~type in every reasbect except substrate
color, these reverted cultures wore used as pure inbred
wildetype. A mating with inbred albinisiic iz intereste
ing in its Dearing on ths ssgregation of culiural charas-
ters, This mating, 772-8 x 778-1 {& x w), produced 21
gscl containing four elbinistic and four wild-type pro-
ducing ascospores. In ninetesn of thaa,albiﬁistié wes
gsezrezatsd from wlld-typs in the gecond divielon in the
agcug. Thisg, iz therefore, 10 psrcent first division
sgzrezation, Table XVIII shows the percentazes with
wnich osther eultural c¢harscterc sezregate in the first
divislon,

It has been ghown that sex is segregatsd in
the filrst divislon in 85 percent of the ssel and that
this relation ls constant, This must mesn thet the dife
Terant feoctors dsbtermining sex wsre separated from esch
other in this division in 85 @ reent of the sasci. Two

n which may effect this result,

megchanisnsg are Inow

Carothers { 8 ) has shown that segregation of different
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TABLE XVIII. Percentage of first division
sggregation of cultural characters
in seversl different =atinzs,

dating Ko, of Percentage of
isel - !
114-1x7 48 38
228-5 x 18 93
200=7
245«2x5 12 8
338=-1x4 79 86

772-8 x (axa)
7751 21 10
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hetepomorphice chromosones may occur slweys in the first
reduction divigion, or alsays in the sscond reduction
division, or , in other cases, & certaln definits per=-
centage of first dlvision segregation 1is fou-d,
Bridges ( 3 ) h&§§%h§Wﬁ that 'fgar atraend erogging-over
bast &x@lains the production of i@gua%ignal” exesptionsl
individuals in Drosophils mﬁtings: In four—strand crosse
ing-over and raduciion in Drosophile, ssgrezation occurs
at the second dlvision for 2ll gemes lving beyond a ¢rosge
ing-over point and at the first division for all gones
lying betwesen the spindle fiber &nd & crossin-eover polnt,
L definite percantaze of erosgsinge-evsr in the
four-strand stage can explain the gonstent first-division
gegrezation of factors in the ascus, providad that the
percentage of recombimtions due to croasinge-over betwsen
the spindle fiber and the locus of the slven charaster
is not move than 50 percent. In the case of 10 psrcent
of first-division segregation ocbtained fa the mating of
albinistic by wilde-type, this explanation fells because
then 80 peresnt recosmbingtion -ould hove to b3 aszunsd,
snd in the event of such & hizh porsentages of er-ssing-
over, there would Ve an even chance of an odd ¢r an even
numbar of br-ogks oecurping bebtween the two fuetors ine

volved and the prreeatage of firsbt-division segregsiion
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resultin: could not be more than 50 pereent, This dee-
mongtrates thet fourestrand crossino-over docs not goe-
coint for all the second-division segrecaticns obtsined
snd, furthermore, that the spindle-Tiber attachments of
the homologous paire of tetrads are not always segreguted

in the first division in X. crasegi,
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ume ry of the experiments of the inheritsanece
af cultural characters, and an explamation of
the genetic behavior of X, cragsa which best
fite the known fachta,.

The following schene for the genetic behavior
of K. crassa which best explains the data accumulsted is
proposeds

(1) That & tetraplcid fusion takes place in ths
perithecium initinl.

{2) That two nuclel of opposite sex from each
gemete are involved in this fusion.

(3) That these nuclei sre selected at random
from the nuclel in the two thalll of opposite sex.

(4) That olomal selection is effective in sepae
ratinz these nucleli,

{8) Th-t this tetrapleid nucleus divides nitoe-
tically until the monomucleate initial of the crozier is
attained,

{6} Thet the two divieions in the crozier con-
gtitute & mslosis,

(7) That reduction of a gens may take place
either in the first or second division of the c¢rozier
mefosls.

(8} That the reducsd nuclel formed in the croe-

zier are both diploid,



{8} That the tabtraplold fusion nucleus in the sascus
reduces in two divielions,

(10)That & genec may be readucad in either the first
or second division in the sscus, the first two divisions
constituting & meiosis,

(11) Tat the fsctors for sex are segrézsted in the
firet division 4in 88 psrcent of &gé ascl,

{12} Thet the flrst two divisions in the ascus rezult
in the production of dipleid nuelel, homoz-gous for sex,

(13} That the third division in the aseus is mitotic,

{14) That the dipleld nucleus delimited in the aeco-
spore is reducsd in the next two divisions, which eonstitute
g melosls,

(15) That this reduction may result in & meximum of
four kinds of heploid nuclei beins produced in the thallus

eriginating from & single &scospore,.

The first four considerations have been dis-
cugsed and evidence for them hes bsen presented, The -
fifth consideration,; that 1s, that the fuslon nucleus from
the perithecium initiel divides mitotleally until sttsine
ing the mononucleate crozier initiel, involves no difficult
sssumptions,

Evidence for the faet that the cerosler divislions

83 sdugctional follows:s Table XV shows that perithecium



233 produced five different ki ds of asei, This is
easily explained provided the parithecium orizinsted
from & single tetiraploid fusion and second-division
reduction took place frequently with the random fusion
of the mon-sister nuclei which were produced by the
gacond division, Oply 35 percent first-division a&gréw
gsation of cultursal charactlers ﬁ@a% placs 4in the ascus
&8 & result of this mating, or 46 percent second-division
segregation of cultursl charazecters took place, If the
fagtors were segrezated with the szame frequency in both
the grogzier and the ascus dlvisions, that 18, 1f a face
tor that is segrepated most of the time in the first di-
vision in the sscus, iz alsC sezresated most of the tinme
in the firet divisiom of the grozler nucleus, it is Obe
vicus that over 30 peresnt of execeptionel ssci would be
expected, if ©b6 pereent second-division reductlon tock
place in the orozlier, The faet that the culturss at
this stege of the lnvestigetion hed nct besen Inbred,
makee caloulaticns impossilie, but & large variety of
escl are shown in Tadble XV, z2s resgulting from the male
ing 114-1x7 (w x t),

In the mating, 358«1lx4, whieh has bagsn dls«
cuszsed &% lansth, tan end wild-%ype factors were segre-

gated in the firpst division of the ssous in 85 percent
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cf ths ascl, 17 Pipgt-division segregation in the ero-
glsr took plese In the ssme percentage of the casss, the
recomblnetions &iould reproduse the original fusion nu-
clevs in & large number of the cases, and most of the
esci from g perithecium should be aliks, Only two mizxed
perithecia in 18 wsre encountered,, We may conclude that
if a hign psrcentage of saeoﬁé-éiviéian segregation in
the mscus oeours, & varlety of asei from & single peri-
theeium een Do expected, but 1f & high percentege of
first-division segregation cceurs, most perithscis will
produce ascl which &re all elike.

The only diffleulty with this szsumption lies
in the faet that althouzh sex is segregsted in the firat
divislon in 85 1 rcent of the ceses, no asecl have ever been
encounte red from which all of the szcospores were of ons
gex. This necesslitates the zssumpblion that homozysosis in
the btetrariold sscus Initisl 1l: a zygote lethanl, The faat
thet lesse then two-thirds of the asci initiatsd evar =sture,
=elkres this sssumpiion eaev, for only ahout B8 percont of the
gsci would be expetied te he homozygzous for sex,

The elghth conszide ation, nanely, that the ree-
duced nuoleus in the c¢roszier is diplold, follows on the
vaeis of the amssumption thet only & single melomin telkesr
plece in the erosler, although elther pre- or posteredug-

tion mRY ooeur,



The ¢ther considersztions have 8ll bsm con-
sidsred in delsil.

The variationes cacountered Iln this study Bre
gll explained as grising iz sn orderly way ihrough re-
dugtlon and fuslon and the agsuzmpltion of mutations is
unnedepsary, o0 far in this stuly there i3 no evidencs

to show that any point matetions Hive been found.

. L .



V. SUHMARY,

& microdissection epparstus was devised Lo re-
move sinzle spores in order from the ascus in a study of
Heursapori.

’ The sscospores of Neurospera required heat-
treatment to initiate germination. A hybrld between

K. gitophile and H. crassa, and & race of ¥, sitoephils
studied, were both shiown to produce two kinds 6f esco=
spores in regard to response to heat-treatment. It was
shown thet these differsnces were zenetic, In the case
of tha hybrid, it was shown that the faetors determin-

ing sex snd &bsence or presence of fonidle were linked
t¢ the faetors determining response to6 heat-treatment,

Sex was shown toe be gegregated in the first
division in ¥, cragse in 85 percent of the asei gnd in
the second division In 15 pereent of the ssci. It was
shown that genie factors do not influence this ratio,

A cytoloziecal study shows that four nuclei
are delimited in the initial of the peritheclum of K.
TTRESR .,

Crosg-breeding of pure lires shows that nuclear
interchange between thalll of opposlite gex oocurs,

The genstic results obtained are explained,
without essuming the ogeurrence of any mutations, by
means 6f tne foilowing nucicer mechanisml

i. Tebraplold fusion of two palrs of nuclail
{one from esch parent) in the perithecium initisl,

2, Hitotic division ¢f this nucleus until the
erozier is sttained end & single mefosis there, with
the same frequency of flrst and second division segre-
gation a8 follows in the ascus,

3. Pusion of two of these reduced dirleid nu~
elal to form e single tetreplold sgcus gygote nucleus,

4. Reuction o¢f thie tetraplold nucleus to &
diploid nucleus in the first tws divisions in the escus.

5, Hitotie division in the third division of
the sscus,

6. ¥eliosis in the firgt two divisions of the
sscospore nucleus with the poseibllit- of producing
g many 88 four different kinds of haplold nuelel in
the thallus formed,

A schems is presented,(Fig., 12) to show

that this nuclear mecrhaniss could account for the
genetic results obtalned,
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Fize 12, Scheme conforming to the assumptlons made in
the text shoring how it might Ys possible to
mete two tan myecelis snd otfain hell tan end
helf #ild typs o 'fespring in one peritheciun
and all wild type in snother perithecium,

Eagh letter indflcalss a gene and the number
of lettere indicaies whether 4 nuecleus ig
haploid, diplsid, or tetraplold,

B pegplecing the w's by other letters, &s

a (elbinistic) or e {even), it is posaidle
to exnlain other genetie resulis gbtained
by this schens,

Agcocapore nutleus t%?“mwu /kh%ﬁ?
Lscospore reduction & t \w%,“;kw t ot “*;\: W
Phenotype ﬁxaﬁaa M;::g;hﬁﬁ;ff §%nf//
Peritnecial Fusion té%é i
Crozier Eeduction ;El |

Fusing Crozier Nuclel t% I;w w% we
Crozier Pusion té;w ——
Ageue Heductlon Hﬁ %E
Lscospore Nucleus fﬁté éﬁ_ //ﬁg Qw\
tgoospore Redustion Eﬁé.ilt w w“é'w é/§ wlk % §:§ W
Phenotrpe tan wild wild wild
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