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{With Plates XI and XII and Three Text-figures)

InTRODUCTION

Ix Newrospors crasse the zypote nucleus is formed in the young ascus
by the fusion of two minute, apparently structureless, haploid nuclei.
The zygote nuclens increases rapidly in size and separate chromosomes
become vigible, each one heavily coated with chromatin. Befors synapsis
these chromosomes uncoil to form the leptotene threads. The number
of separate uncoiled threads and the number of chromomeres on sach
thread can be estimated fairly aceurately.

TECHNIQUE

Young perithecia of N. crasse were flooded with Flemming’s or
Navaschin’s fluid and crushed between two slides. A drop of Mayer’s
albumin was smeared over the surface of each of two thin cover-glasses.
A dozen or more clusters of asci were picked up with a pipette and
placed on one cover-slip. Most of the fizing fluid was removed with a
pipette; a second smeared cover-slip was placed over the first and the
two cover-glasses were pressed together to entangle the ascl in the
albumin. After about an hour, the cover-glasses were separated and the
fivative washed out. The chromosomes were stained, using Bellings
brazilin (1928) or iron haemotoxylin.

In analysing the tangled leptotene strands, photographs were made
on Hasiman 356 mm. panatomic flm and developed with Champlain
No. 15 fine-grain developer. A complete series of optical cross-sections
was made of each nucleus on & single roll of . Beginning at high
focus, aftur each exposure, the objective was lowered Li., as indicated on
the calibration of the knurled knob regulating the fine adjustment. To
draw the figures the roll of film was placed in a Focomat enlarger and
projected on & piece of drawing paper at 4-75 x . Thus the outlines of the
_ different optical sections were superimposed over each other. Exact

superlmposition wag obtained by setting the adjustable table so that the
* With the support of a grant from the Penrose Tund of the American Philosophical
Society.
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shadow of the opening of the camera frame exactly coincided in each
successive aptical section. This technique has o definite advantage over
camera lucida drawing because so much more light can be obtained on
the pencil. A green safety light helps direct the pencil. To determine
whether or not a particular ohject has been outlined a loose sheet of
paper can be placed in the fleld. Any shadow obscured by the lines
already drawn is immediately visible. The pencil ountlines are subse-
quently ivked in while the slide is studied.

OBSERVATIONS
Mutosts in the ascus

Three mitoses occur in the ascus, producing eight nuclel. A spore
wall is produced surrounding each of these eight nuclel (Dodge, 1927;
Lindegren & Scott, 1957), and a fourth nuclear division occurs within
the spore wall producing two nuclel In each spore. In Text-fig. 1, the
different division stages are drawn on the saie scale. The ascus is growing
as the divisions oceur, and the corresponding nuclel and spindles of each
of the four divisions are approximately the same size. Although the
drawings in Text-fig. 1 are made at the same magnification, they are
selected from different divisions. The four mitoses are indicated by
Roman numerals: “early prophase” is taken from the second mitosis,
“late prophase” from the fourth, ete.

In early prophase the nucleolus is the most conspicunous feature of
the nucleus. The fine threads of the chromesomes are beginning to shrink
down, At late prophase the chromosomes have contracted in anticipa-
tion of the formation of the spindle. Usually eight to ten bodies can be
counted in each nuclens; one of these 1s the nucleolus. At metaphase the
chromosomes are very small, and it is not possible to distinguish splib
pairs from unsplit pairs. In anaphase a cluster of chromosomes appears
at each pole. Inlate anaphase the chromosomes enlarge and the nuclear
membrane invaginates to form two new nuclel. At early telophase, before
the two nuclel have entirely separated, the central body hns produced
bealked process extending inbo the eytoplasm, and the chromoscmes have
anwound ontil the nucleus 18 full of slender threads carrying promivent
chromomeres. The tangle of chromonemata is too dense o unravel, bub
the chromosomes are all attached to the central body and the central
body is in tarn attached to the beak which seems to funotion in separating
the $wo daughter nuclei. These pear-shaped nuclei have been described
by Dodge (1927), but he has not described the chromosormal threads
visible within them. The beak disappears in late telophase, bub the
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chromosomes are sbill atbached to the central body by their spindle
attachments. These mitoses are all intranuclear, but Navaschin's
fxative and brazilin stain often obscure the nuclear membrane,

H

Barly prophase 31 Late prophase IV Metaphase I  Barly anaphase IT

Late anaphasge JI Barly telophage IT Late telophase I1T

Text-fig. 1. Phases of nnclear division i the aseus of ¥. crassa.

The nmucleolus

At early prophase the nucleolus aftains its maximum size and is
probably free in the nuclear sap. At mefaphase the nucleolus ocoupies
@ position af the periphery of the nuclear membrane, while the rest of
the chromosomes are tightly clustered together at the metaphase plate.
Dodge (1927, 1937) has described many spindles in Newurospora and the
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closely related Gelastnospora tetrasperma showing the repelled nucleolus.
The spindle shown in P1. X1I, fig. 18, is so high above the focus of the
nucleolus that the nucleclus could not be shown in the same optical
section. 1t is shown in the drawing.

The nucleolus does not divide and nsually disintegrates at early
anaphase, but is sometimes detectable at this stage. More often if has
already disintegrated. 4 new nucleoius reappears at telophase ohviously

“attached to one of the chromosomes from which 1t has probably origin-
ated in the usual manner.

The formation of the leptotene strands

The haploid conidial nuelei, 1-24 in diameter, are shown in a coni-
diwm (PL. XI, fig. 1). Each conidium is a coencytium and contains a vari-
able number of nuclei. About a dozen nuclel are present in the conidinm
shown, but only seven are visible in the optical section photographed.
In the young zygote nucleus (P1 XI, fig. 2} the two chromosomal clusters
from each parent begin to enlarge and become heavily encrusted with
ehromatin before spinning out the leptotene strands. Since each zygote
contains two genomes comparable with those contained in the conidial
nuclei, the amount of chromatin has increased more than tenfold when
comapared with the conidial nuclei. Dodge (1927) has described ““extra-
nuclear”’ substance aboub the periphery of the zygote nucleus. According
to the present interpretation these extranuclear bodies are probably
ehromosomes within the nuclear membrane which have not yet spun out
into leptophase. The zygote nucleolus is now much larger than the entire
conidial nucleus. Harper {1905) showed that the first act in the zygote
nuclei of the Erysiphaceae was the fusion of the two gametic nucleoli.

Ag the chromonemata hegin o uncoil, the chromosomes bhecome
headed with large coarse beads (Pl X1, figs. 3, 4, 5). These figures represent
three foci at different levels through a nucleus; fig. 3 is in high, fig. 4 in
median, and Ag. 5 in low focus. As the chromonemata continue to unbwist
and become lopger and thinner, the beads become smaller and more
evenly distributed (PL. XTI, figs. 6, 7, 8, 9; fig. 6 is1n top foous and fig. 9 is
in bottom focus). The single nucleolus is quite prominent and some of
the chromosomes which are slow in spinning oub are still shown heavily
stained on the nuclear membrane. Before synapsis the chromonemata
musb become untwisted (P1. XTI, figs. 10-13 and figs. 14-17). In Text-figs.
20 and 25 all the chromomeres visible in all the foci through the nuclel
are represented in a single plane. Although the chromosomes are nob
entirely untwisted these figures represent the most advanced stages thus
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far found. It is possible to get a clear idea of the approximate size of
each chromosome by counting the chromomeres. However, the difference
i1 size in thechromomeres indicates that each chromosome is probably not
completely untwisted. In chromosome 1 with twenty-nine chromomeres
(Text-fig. 2 ¢) the thin thread of eight fine chromomeres which shows wp

X
L ]

Text-fig. 2. a, presynaptic leptophase. Nucleus showing the numbers of chromomeres in
the different chromosvmes. {fhe Roman numeral indicates the number of the chromo-
sowme, the Arabic numeral indieafes the number of chromomeres. Contiguons chromo-
somes are indigated by stippling. In Pl XI, figs. 10-13 are photographs of this nuclsus.
b, presynaptic lepbophase nucleus photographed in PL X1, figs. 1417,

clearly in the photograph (Pl X1, fig. 11) is probably untwisted and

stretched out to a stage in which the ultimate chromomeres are revealed.

Analysis of the drawings shows that there are probably eighteen clusters

of chromomeres in each nueleus which can be arranged into nine pre-

synaptic pairs. The estimated number of beads on each chromosome is

shown in the tabulation helow:

» I3 b I3 b
I 29 24: VI 3 3
I 24 17 Vi 3 3

1 18 14, VIi 3 2

I 18 14 VI 2 2

IIr 13 11 VIIE 2 1

IIT 10 10 VIt 2 1

v 9 7 X 1 1

1y S G X 1 i
v 5 5]

v 4 L
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These tangles are rather difficult to follow through, and different
observers might not agree with the writers’ interpretation, but there is
a general agreement in these two and the several other figures analysed.
Purther study may result in revision and will certainly give a larger
nuwber of chromomeres when each chromosome iz untwisted and
stretched to show the ultimate chromomeres. Newrospora contains a
small total number of chromomeres as compared with other more
complex forms such as Lilium (Belling, 1928} and Drosophsla (Bridges,
1935). However, there are about fwenty times more chromomeres in this
form than in the simpler bacterium described by Lindegren (1936a).

The number of chromosomes

If the analysis of leptophase can be trusted (it is very difficult to
follow the connexions), there are nine haploid chromosomes in Newrospora
orasse. Bub three of these are 5o tiny thab they are possibly insignificant.
At late prophase eight or nine chromatic bodies exclusive of the nucleolus
can nsually be found. The metaphase plate is too crowded fio make an
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Text-Bg. 3. Two late anaphase chromosome clusters aftor the third division (PL XTI, figs-
19-22). In o is shown the npper cluster and the lower one is shown in b.

accurabe count possible but at late anaphase the chromosormes enlarge
and are not yet too tangled to be indistinguishable. Text-fig. 3 is a drawing
of the two puclel shown in Pl XTI, fgs. 19-22. Six chrojnosomes are
visible in each nucleus. Evidence of the possible formation of trabants
in these chromosomes is given by the constrictions visible. [t is possible
that the larger number of particles present ab late prophase is due 0
the fact thab the chromosomes have not completely condensed. The
particles visible at the peles in early anaphase show connexions which
may mean that two or three of them possibly represeut a single chromo-
some. The best estimate of the number of chromosomes is probably
six, faken from Text-fig. 3, at late anaphase.



Cart C. LINDEGREN AND SIECGFRIED RUMANN 401

Descussion

The hapleid somatic nnelei found in the myecelia, conidia, and peri-
thecial walls are minute densely staining bodies. Reticulate structure,
atcleoli, and nuclear membranes are only found in stages having av
obvious relation fo sexual reproduction, 1.e. in the perithecium or shortly
before its formation. The writers have never found spindles excopt in
the ascus. Somatic haploid nuclel are to all intents and purpoges merely
dense tiny globules containing chromatin. HMarper {1905) has described
division figures with spindles in the much larger somatic nuclei of the
Erysiphaceas, but the division was not unmistakably mitotic. Any of
the numerous wrisers who have described amitotic spindles in the sc-
called “primitive” nuclei would label the division drawn by Harper
as an amitosis. In the ascus mitoses, Harper had no difficulty in accu-
rately counting eight chromosomes. In asexual tissue of many ascomy-
setes, the nuelel do not appear to be nucleolate, reticulate, or vesioular
nor is it possible to find evidence for the view that they divide by mitosia.
Darlington (1937) bas defined & nucleus as a body which divides by mitosis
and with Belar (1928) he shares the view that all nuclel in the “germ
track ™ divide by mitosis. Spearing (1937),in a study of the nuclei of the
blue-green algae, distinguishes between true nuclel which are nucleolate,
reticulate, and vesicular and central bodies which are not. Spearing
presents evidence indicating that “primitive” nuclei divide by amitosis,
and challenges the.view expressed by Belar that primitive nuclel do
nob exist. In contrast to morphological definitions of the nucleus,
. Lindegren (19364} (in discussing the nuclei of bacteria) has defined a
nucleus on purely genetical grounds as consisting of one or more gene
strings normally present in multiples of the haploid number. Text-fig. 1
shows clearly that the aseus nuclei of V. erusse are true nuclel. But
these true nuclel are produced by the fusion of two structures which
Spearing would classify as central bodies rather than nuclei if he had
only the asexual mycelia to study. The asexual nuclet probably contain
not less than two to three hundred genes each, judging from the count
of the leptotene chromomeres. (fenebical analysis of the crosses origi-
nating from conidia prove that thess nuclei must divide by mitosis
because the gene complex is delivered intact to the zygote. The develop-
ment of anguestionable nuclel from zygotes produced by the fusion of
two apparently structureless bodies proves thabt they are true nuclei.
This places the burden of proof squarely on the shoulders of those who
atterupt to defend the thesis that similar undifferentiated strmctures
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in other forms are primifive vuclel. From a genetical viewpoint the
concept of amitosis is eompletely indefensible, Division by strangnlation
or constriction in bacteria or blue-greer algae cannot be interpreted as
ailure of the gene strings to split longitudinally. When a loagitudinal
split divides the two cylindrical chromosomes of a higher plant, the
gene strings in the splitting chromosomes are not arranged in two straight
lines but in two coils each of which is imbedded in chromatin and en-
closed in a membrane, and the apparent longitudinal split is merely the
final act of separation which has been preceded by a microscoploally
undetectable separation of wo subsequently coiled gene strings. Aritosis
1s an arbefact just as the earlier view that the hereditary factors were
arranged in a straight line in esach of the two longitudinally splitting
chromosomes was artefactual. Those who refuse to accept the simple -
inferpretation that amitosis is the final act of separation of gene strings
which have already been split longitudinally in some microscopically
undetectable earlier stage, are faced with the enormously complex
problem of formulating a plausible hypothesis concerning the constancy
- with which the hereditary characters are transmitted.

SumMMary

An estimabe was made of the number of chromosomes in the pre-
synaptic leptotene stage of the zygote nucleus of N. crassa. There ap-
peared to be 9 haploid chromosomes, 2 large, 2 medium, 2 small, and 3
very small pairs. A maximum of 155 chromomeres were counted, but
this is possibly less than half the ultimate number since all the chromo-
somes were not completely uncoiled. Six chromosomes were visible in the
best anaphase figures discovered, which probably indicates that some of
the smaller bodies found in leptophase have shrunken down to invisibility
at this stage. Af any rate the smaller bodies are probably insignificant
genetically.
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EXPLANATION OF PLATES Xi AND Xl

PLATE XI

All the photographs {figs. 1-33) are taken at the magnifieation indicated by the photo-

graph of the stage micrometer. .

Fig. 1. Conidiom containing nuclei, These nuckel are metabolically quiescent and it iy a$
this stage in the life cycle that the nucle: of N. ¢rasse are smallest (dismeter I-2p.).

Fig. 2. Young zygote nuelens. The finger-like structures extending from the clusters are
chromosomes that are rapidly incressing in size. The nucleolus has already attained
a diameter more than twice that of the whole conidial nuclens.

Figs. 3-5. Optical sections of a zygobe nuolous comtaining thickly beaded expapding
chromosomes and large nucleolus,

Higs, 6-9. Most of the chromosomes ave almost completely vnwound, bub abous four are
visible on the nuclear membrane as dark pyonotic structures.

Pige. 20-13. Continued enlargemant of the young aseus has been accompanied with in-
ereasing extension of the chromonemata. Probably the only chromosome iu which
any vlbimate chromomeres are present is No. 1, above the nucleolus in ig. 11 (ses
Texi-fg. 2a).

Tigs. 1417, Zygote aucleus in presyuaptic leptophase (see Text-fig. 25).

PLATE XII

Fig. 18. Oneo phical section of the intranuclear spindle at the first division containing nine
chromosomes. The nucleclus is repelled from the spindle and is in low focus.

Tigs. 19-22. Sevies of optical sections through two nuclei of an ascus after the third
division, The chromosomes are ab late anaphase. The long axis of the asens end
the photographs eoincide. The spindles are arianged acvoss the long axis of the asous so

the two nocle: shown are not sisters hut each has arisen from the division of differsnt
nueiei,
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Tigs, 23-27. Optienl sections through two nuelei at late telophase after the third division.
These nuclei have just lost their “ beaks’”. The outlines of hoth the nuclear membrane
and ths spore membrane are visible. The chromosomes are attached fo the ceniral
body and the pucleolus in the upper nucleus is attached to one of the chromosomes
(fig. 23). The central body is visible In the lower nuclevs (fg. 24,

Tigs. 28, 28. Two puclei in the same ascus ab early prophase after the first division. The
strands of the contracting chromosomes and the grossly enlarged nuclecli are clearly
visible in the nuclear sap. The nuclear membrane Is outlined by the cytoplasm.

Figs. 30-33. Cptical sections through a nucleus at late prophase after the third division.
The uppermost body in Vig. 30 is the nucleolus. About eight or nine obher structures
are visible.
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Photo of Zeiss wicrometer, 1/E00 mu.
79 {sae magn. as other photos)




