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][NTF~ODUCTION 

I~ zYe~.~'osi~o~'a~ crc~ssa the zygote m.~ole.us is formed in  the young ascus 
by gee fusion of two mimlte, apparen~].y structureless, haploid nuclei. 
The zygote nucleus increases rapidly in size and separate chromosomes 
become visible, sash one heavily coated with chromatin. Before synapsis 
these chromosomes uncoil to form the lop,stone threads. The number 
of separate uncoiled threads and the number of chromomeres on each 
thread can be estimated fairly aceura~ely. 

~[~ECHNIQUE 

~%ung peritbeeia of N, ~rc~ssa were flooded with Flemming's or 

Navaschin's fluid a~d crushed between two slides. A drop of ~{ayer's 
Mbumin was Smeared over the surface of each of two thin cover-glasses. 

A dozen or more c]usters of asci were picked up with a pipette a~d 
placed on one cover-slip, t~Iost of ~he fixing fluid was removed with a 
pipette; a second smeared eover~slip was placed over the first and the 
two cover-glasses were pressed together to entangle ~he asei in ~he 
albumin. After about an hour, fibs eover~gk~ssss were separated and gee 
£xa~ive washed ou~. The chromosomes were stained, using Bdling's 
brazilin (19o,8) or iron haemotoxylin. 

In analysing the tangled leptot.en.e s~rands, photographs were made 
on Eastman. 35 ram. panatomie Nm and developed with Champl.aia 
No. 15 fine-grain developer. A complete series of optical cross-sections 
was made o~ each nue].eus on a single roll of film. Beginning at ]high 
focus, aft.~r e~leh exposure, the objective was lowered ~bc., as indicated on 
the calibration of the knur]ed knob regulagi.ng the fine adjustment. To 
draw the :figures blue roll of film was placed in a Foeomat enlarger and[ 
Proiected on a piece o:[ drawing paper a~ ~-75 x.  Thus the on~lines of the 
different optical sections we:re sttperimposed over each other. Exact  
superimposition was obtained by setting the adjustable table so that  the 

a With the supporh of a gr~nt 5:ore ~he ]?em'ose Fund of ~he A.msricem Philosoph[c;~l 
Society. 
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shadow of the opening of the camera frame exactly eoitlcided in each 
successive optical section. This technique has a deinite advantage over 
camera Iucida drawing because so much more light can be obtained on 
~he pencil. A green safety liglht helps direct the pencil. To determine 
whether or not a partita.lot object hat been outli~ed a loose sheet of 
paper can be placed in the :field. A.ny shadow obscured by the lines 
already drawn is immediately visible. Tke pencil outlines are subse~ 
qaently inked i~ while the slide is studied. 

O~SE!~VATIONS 

Mitosis in the ascus 

Three mitoses occur in the aseus, producing eight rmdsi. A spore 
wall is produced surrounding each of these eig~at nuclei (Dodge, 1927; 
Lfndegren & Scott, 1937), and a fo~rtlt nuclear division occurs withifl 
the spore wMt producing two uric[el in each spo~e. In Text-fig. 1, the 
different division stages are drawn on the same scale. The asous is growing 
as the divisions occur, and the corresponding n~Lclei 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 imdicated by 
Roman numerals: ':early prophase" is f~aken from ~he second mitosis, 
"late prophase '~ from the fourbh, etc. 

In early prophase the nucleotus is the most conspicuous feature of 
~he nucleus. The fine threads of the chromosomes are beginning to shrink 
down. At late prophass the chromosomes have contracted in anticipa- 
tion of the formation of the spindle. Usually elg'ht to tea bodies can be 
counted in each naeleas; one of these is the nucleolus. At metaphase the 
chromosomes are very small, and it is .nee possible to distinguish split 
pairs from unsplit pairs. In anaphase a duster of ch:comosomes appears 
at each pole. In tats anaphase the chromosomes enlarge and the nuclear 
membrane invaginates to form two new nuclei. At ear]y telephase, before 
the two nactei have entirely separated, the central body h~s produced 
beaked process extending into the cytoplasm, and the chromosomes have 
unwound rmeil ¢he nucteas is 51].1. of slender threa.ds carrying promiuent 
chromomeres. The tangle of chromon.emata is too dense to unravel, but 
the chromosomes are a[1 atbaeked to the central body and the central 
body is in turu attached to the beak which seems to inaction in separating 
the two danKhter nuclei. These pear-shaped nucld have been described 
by Dodge (i[927), bu~ he bus :t~ot described the chrouaosomaI threads 
visible within them. The beak disappears in late ~elophase, bu~ th,~ 
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chromosomes are still ~ttached to the cen~raI body by ~he[r spindle 
a~aehments. These mitoses are all in.tram~olear, but Navaschin's 
fixative and brazilfl~ stain oRe~z obscure ~he nuclear membrane, 
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Late tetej~tlase III Late em~pheose I~ Early t,e[ep.hase I t  

Text-fig. 1. Phrases of nuclear division fll 6he ascus of .N. c,r(~sc~, 

The ~s~eo~u8 

At sa~:ly prophase ~he nucleo]us attahls Rs ms,x~n]um size and is 
probably free itl 5he nu.el.eaJ: sap. At metaphase ~he t~ucleoIus occupies 
a !oosi%ion at the periphery of tits nuclear membz'ane, while the t'es~ of 
the oh:comosomesj~re tightly c].uste;red together at the meta]?hase plate. 
D6dge (1927, 193~) has described[ many spiEdles in/]te'~ospo~'a an.d ~he 
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closely related Gdasi~zosporc~ ~e~.rc~,s.pe~',mc~ skewing ~he repelled nucleolus. 
The spindle shown in Ph XII ,  fig. 18, is so high above the f.oous of the 
nueleolus that  the nucleolus could not be shown in the same optical 
section. I t  is shown in the drawing. 

The nucleolus does not divide and usnatly disintegrates at early 
algaphgse, but  :is sometimes detectable at this stage. More often it has 
already disintegrated. A new nueleolus reappears at telophase obviously 
attached to one of the chromosomes from which it has probably origin- 
ated in the usual manner. 

The fo~'ma~io~ of tAe gei)tote~e st,~'e~zds 

The haploid conidial nuelei, 1-2~ in diameter, are shown in a coni- 
dium (P1. XI, fig. 1). Eaeh eonidiam is a coencytium and contains a vari- 
able number of nuclei. }tbont a dozeu nuclei are present in the eonidium 
shown, but  only seven are visible in the optical section photographed. 
In the young zygote nucleus (P1. Xt ,  fig. 9) the two chromosomal clusters 
from each parent begin to enlarge and become heavily encrusted with 
chromatin before spinning out the leptotene strands. Since each zygote 
contains two genomes comparable wit~a those contained in the conidial 
armlet, the amount of chromatin I~as increased more than 'tenfold when 
compared with the conidial nuclei. Dodge (1927) has described "extra- 
nuclear" substance about the periphery of the zygote nucleus. According 
~o the present interpretation ~hese extranndear  bodies are probably 
chromosomes within the nuclear mornbrine which have not yet  spun out 
into leptophasc. The zygote nucleolns is now much larger than the entire 
eonidial ~ueleus. Harper (1905) showed that the first act. in the zygote 
nuclei of the Erysiphaceae was the fusion of the two gametic nucleoH. 

As the chromonemat~ begin to uncoil, the chromosomes become 
beaded with large coarsebeads (P1, XI, figs. 3, 4, .5). These :figures represent 
three feet at different levels through a nucleus; fig..3 is in high, fig. 4 in 
medi:~n, and ~g. 5 in low :focus. As the chromonemata continue to un~ds t  
and become losger and thinner, the beads become smaller amd more 
eveNy distributed (PI. XI, figs. 6, 7, 8, 9 ; fig. 6 is in top focus at;:l fig. 9 is 
in. bottom focus). The single nucleolus is quite promi.uent and some of 
the chromosomes which a_re s:ow i~: spinning out are dil l  Shown heavily 
stained on the nuclear memhrane. Before synapsis the ckromonemata 
niusb become mJtwis%d (P1. Xt ,  :figs. 10-1.3 and figs. 1~-17). In Text-i~gs. 
20, and 2b a,ll the chromomeres visible in all ~he loci through the nuclei 
arc represented :in a single plaice. Although the chromaosomes are not 
entirely umg~'isted these ~gu:res represent the most advanced stages thus 



far found. It  is possible to get a clear idea of the approximate size of 
each chromosome by counting the ehromomeres. However, ~he difference 
in size in ~h e chromomeres indicates ~hat each chromosome is probably not 
eol.npletely l:mtwis~ed, l~i chromosome i wish twenty-~dne ohromorneres 
(Text-fig, 2 a) the thin thread of eight fine ehromomeres which shows up 

LX -~t iv 6 

'J;'o', r 

~ VIt 

~ 129 ~ ~ 

. ~ ; ' ~ - ~  V4 -¢I1 IX ~ ~ I[ 
.II1811 .~'.-'.:>:7':{:'!;~% *~ ~ VII @ 14 

a b 
Text-fig. 2. a, presymLptic Ioptophase, Nucleus showing ~he number~ of chromomeres hi 

~he different ctu'omosomes. [The Roman numeral indicates ~be number  of She chromo- 
8ome, the Arabic humors[ indicates th~ number of chromomeres. Contiguous chromo- 
seines ~.tre indicated, by s~imflia~_~_ = . . . .  Li P1 ~ ,  fi~s~, i0-ta o.:~re ,.nhogoai"~nhso,,, of this nueleu~ 
b, presyn~ptic [epgophase nucleus photogr&phed in PL XI, figs. 1'4--17. 

clearly i.n, ~he photograph (P1. XI, fig. 11) is probably unbwisted and 
s~re~ehed o~t to a stage in which the ultimate chromomeres are revealed. 
Analysis of the drawings shows that t, here are probably eighteen clusters 
of chromomeres in each. nucleus which can be arranged into nine pre- 
synapfiio pairs. The estimated namber of beads on each chromosome is 
shown in the tabuk~tion below: 

I 29 24 VI 3 3 
I 24 17 VI 3 3 

II 18 14 VII 3 :~ 
£[ 18 14 VII 2 2 

Iii 1.3 11 VIII 2 1 
III I 0 I 0 Villi 2 1 

IV .9 7 IX I 1 
IV 8 6 IX 1 I 

V 5 5 
V 4 4 
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These t~ngles are rather dilticult ~o follow through, an([ different 
observers might no~ agree with the w:'iters' interpretatim:, but there is 
a general agreement in these t~,o and the several other figures analysed. 
Further study may result in revisim: and will certainly give a larger 
number of ckromomeres when each chromosome is u::twisted and 
stretched to show ~h.e ultimate chromomeres. Neuros'_pora contains a 
small total number of ehromomeres as compared with other more 
complex forms such as LiZizl.'~z (Belling, 1928) and Drosophi2~ (Bridges, 
1935). However, there are about twenty times more ehromomeres in this 
form tl~an i~a the simpler bacterium described by Lindegren (1936 ~.). 

The nu,~zbe~" of &'~'o~noso~es 

If  the analysis of leptophase can be trusted (it is very difficult to 
follow the eonnexions), there are nine haploid chromosomes i~ Ne~,rospo~'a 
orc~ssa. Bat three of these are so tiny that  they are possibly insignifica:g. 
At late prophase eight or nine chromatic bodies exclusive of the nueleolus 
ca:: usually be found. The metapkase plate is ~oo crowded to make an 

,,jr,,, 

b 
Text-fig. 3. T~v'o ]ata am~phase chromosome c!uste:'s ,ff~or ~ho ~hird divislozt (P1. XII: figs. 

19-22). In a is show:: the upper clu~:0ar and ~h~ lower one is shown in b. 

accurate coun~ possible but a.t late anaphase the chromosomes enlarge 

and are not yet ~oo tangled t,o be indistinguishable. Text-fig. 3 is a drawing 
of the two ~.aclei shown in P1. XII ,  figs. ].9-~2. Six cb:o?,~:osomes are 
visible in each n:mleus. E~-idenee of the possible formation Q[[ trabants 
in these chromosomes is given by the constrictions visible. I~ is possible 
tha t  the larger number of particles preseJ~t at late propkase is due [o 
the fact that  the chromosomes ];ave not com]?leteiy condensed. The 

particles visible at the poles in early anaphase show com:exion.s which 
may  mean thai, two or three of them possibly represent a single chromo- 
some. The best estimate of t:he number of chromosomes is probably 
six, take:: from Text-fig...3, at  late anaph~se. 
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Disccss~oN 

The haploid som~tio nuclei found in the m.yselia, conidia, and peri- 
thech~l walls are minute densely staining bodies, l{e%ieulate structure, 
nuclsoli, and nuclear membranes a~e only found in stages having an 
obvious relation to sexual reproduction, i.e. in the perighecium or shortly 
before Rs formation. The writers have never found spindles except in 
the ascns. Somatic haploid nuclei are go all intents and purposes merely 
dense tiny globules containing chromatin. Harper (1905) has described 
division figures with spindles in the much larger somatic nuclei of the 
Erysiphaceae, but the division was not unmistakably mRotie. Any of 
the numerous wrRers who hays described ataRotic spindles in the so- 
called "primRive" nuclei would labs], the division drawn by t-Iarper 
as ~n amRosis. In the aseus mitoses, IIarper had no diffleuRy in accu- 
rately coun~ing sight chromosomes. In asexual tissue of many aseomy- 
sstes, the nuelei do not appear to be nncleolate, reticulate, or vesicular 
nor is R possible to find evidence for the view that they divide by mitosis. 
Darlinggsn (19.37) has defined ~ nucleus ~s a body which divides by mRosis 
and with Eclat (1928) he shares the ~iew that all nuclei in tl~e :;germ 
track" divide by mitosis. Spearing (19.37), in a study of ths nueId of the 
the-green Mgae, distinguishes between true nuclei which ars nucleolage, 
retieulate, and: vesicular and central bodies which are notl Spearing 
presents evidence indicating that ;~ primRivs" nuclei divide by amitosis, 
and challenges the~ view expressed by Bel~r that primRive nnclei do 
not e~sg. In, contrast ~o morphological definRions of the nuelsus, 
Lindegren (].9.36e) (in discussing t/he nuclei of bacteria) has defined 
nucleus on purely geneticM grounds as consisting of one or more gene 
strings normally press:at in. multiples of the haploid number. Text-fig. I 
shows clearly th~;t the ase~s nuclei of iV. e'rc~.s~sct, are true nuclei. But  
these true nuclei are produced by the fusion of two structures which 
Spearing wouid classify as central bodies rather than nae],ei if he had 
o:tfly the asexual royce]in to study. The asexuM nuclei prob~bly congMn 
n.ot less ~than two eo 5h.ree hundred, genes each, judging from the corn% 
of the leptotene chromomeres. Genetical analysis of the crosses origb 
hating from eonidia prove that these nuclei must divide by mRosis 
because the tens complex is delivered intact to ~he zygote. The develop- 
merit of nnques~ionable nuclei from zygotes produced by ths %sion of 
two apparently struotu.reless bodies proves tha~ they are true nuclei. 
This places the bm'den of proof squarely on the shoulders of 1,11ose who 
attempt to defend the thesis that similar m~differentia~ed structures 
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in other forms are primitive uucld. From a genetical xdewpoinb the 
concepf of ami~osis is completely inde:gnsible. Division by sbrangulalion 
or constriction in bacgeri.'-~ or b]ue gree~ algae cannot be interpreted as 
failure of the gene strings to split ].ongigudinal.l.y. When a lo?~gitudinat 
split divides ~he two cylindrical chronaosomes of a higher p la~ ,  tee 
graze strings in the sptitti~ag chromosomes are ~mt arra.=ged in two strMght 
lines bu{ ia ~wo eoiIs each of which is imbedded in chroma{in and en- 
closed in a membrane, and the apparent longitndinaI spEt is merely ~he 
final ac~ of separatimx which has been preceded by a microscopically 
u~deteotable separatiot~ of two subsequently coiled gene s~rings, Amitosis 
is an artefact just as the earlier view that  the hereditary factors .were 
arranged in a straight line in each of ~he two longitudinally spkit~ing 
chromosomes was ar~eNetuat. Those who refuse to accept the simple 
interpretation that  amitosis is the final act of separatio~ of gene strings 
which have atready been split longitudiaally in some microscopically 
undeteo~able cartier stage, are faced with the enormously complex 
problem of formulating a plausible hypothesis concerning ehe constancy 
~vdth which the hereditary characters are ~ransmi~ed. 

An estimate wa,s made of the m~mber of chromosomes in ~ke pre- 
synaptic leptoeene s~age of the zygote nucleus of N .  ~,ro, sxc~. 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, bug 
this is possibiy less than half the ultimate namber since all the chromo- 
somes were not completdy maeoiled. Six chromosomes were visible in. the 
best aaaphase figures discovered, which probably indicates that  some of 
the smaller bodies fotmd in leptophase have shrunken, down to iuvJ.sibitigy 
at this s~age. A~ any rate the smaller bodies are probably insignifiean~ 
hermetically, 
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E X P L A N A T I O N  OF PLATES X i  A N D  X I I  

P'LAT~, KI 

All the pho~ographs (flgs, 1-33) are taken a~ the magnifiet~tion intkicate<{ by the phe~o- 
graph of the stage micrometer. 

2Fig. 1. Cemclium containing nt~clei. These nuclei ~re met~bolically qtdeseent and it is a~ 
thi~ stage in %he life cycle ~hat lhe nuclei of N. cr~ssc~ are sm,~Hest (diameter 1,2~.). 

Fig. ~. Young zygote nucleus+ The finger-like struetm'es extending IS:on the clusters are 
chromosomes tha.~ are z'apidJy increasing in size. The nueieoJ.us has alre,,.,dy atta.lned 
a diameter more than twice ttm~ of the whole coNdi~l nucleus. 

Figs. 3-5. Optical sections of a zb~oto nucleus eontainkgg thicIfly beaded expamting 
chromosomes and l~rge nueleoh~. 

~igs. 6-9. l~Iost of ~b.e ehromosoraes are almost completely unwom~d, but  about tb~r are 
visibte on. the ntlelear membr~ule ~os dark pyeno~ic strue~tu'es. 

~'lgs. 10-13. 0ouginued enlargemen~ of the yomag ascus ha~ been ~ecompanied with in- 
creash~g extension of the cl~:omonemaba. Probably the only .cb:omosome hi which 
any ultimate ehromomeres are present is No. 1, above the nucleolus in Fig. ].l (see 
Text-fig. 2~). 

Figs. 14-17. Zygote nucleus in presyu~ptic lepgoph~se (see Tex~-[lg. 2b). 

PLATE XII  

Fig, 18. One Optical section of the intranuele~r spindle at  the firs~ division eentah~hlg nine 
chromosomes. The nucleolus is repdlsd from the spb/db and is in tow focus. 

[Pigs. ].9-22., Series of olpticM sections tM'ough two mtolei of sn aseus t~fSer ~he th~'d 
division, The chromosomes ace at late a~3aphase. The long axis of tile asou'3 and 
~h.e phetegmvphs coincide, The sp_ "mdlea are arranged across the long a.xis o:[ the a.scus so 
the two nuclei show~ are uo~ sisters but e~ch h~s arisen from the ([ivimon of dill%re,it 
nudeL 
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]Pigs, ~3--27. 0]?gicat sections ~hrough two nuclei a~ late ~elophase after the  ghird di%sion. 
"Zhese nuclei have just lost their ,L beaks". The ouO.mos of both tha nuclear membrane 
and ~he spore me.mbrane are visible. The chromosomes ~re ~t taehed to the cen~ra.1 
body and ~he ~mcleolus in ~he upper  nucleus is ~t~t~ched to one of ~he cln'omosomes 
(fig. 23). Th~ central body is visible h~ the lower nucleus (fig. 2-i), 

Figs, 28, 29. Two mmlei in the same asous a.~ e~rly proI~hase M:ter ~ho fifs~ dJvJsioll. The 
strands of tha contracting chromosomes ¢~d the grossly ~Id~rged nueleoLi are e[~rly 
visible in the nuclear s~p. The nuclear membrane is outlh~ed by t he  cytoplasm. 

Figs, 30-33, Optical sections through a nucleus at late prophase aftel" ~he ~hird division. 
The uppermos~ body in Fig. 30 is ~he nuoleotas. About  eigh~ or nine other s~rue~ures 
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