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INTRODUCTION

The Myxophyceae or blue-green algae have been frequent
sub jects for cytological investigation since Schmitz (1879)
first called attention to two regions in the protoplast.
Since that publication the morphological and chemical nature
of the genetic material and the mechanism of cell division in
the Myxophycese has been a controversial” subject, " The evie
dence that has been presented is, for the most part, more
voluminous than enlightening.

In view of the great diversity of opinion and interpre-
tation it is difficult to avoid the Impression that faulty or
nonspecific cytological methods have been responsible, in
large measure, for the confusion that exists. It 1is clear
that the materisl is difficult to handle because of its small
size and complex structure.

A striking feature of many of the papers on the cytology
of}the Myxophyceae has been the fine literature reviews,
Adequate reviews for the various periods are found in Phillips
(1903) 1879-1901, Spearing (1937) 1901-1933, and Fritsch
(1945) 1879-1940., The following is the more important re-
cent literature since 1940, Hollande (1946) in a study of

Phormidium unecinatum, P, petzii, P, tenue and Nostoe verrucoe

sum proposed the term 'prospiremoide' for the central body.

The f'prospiremoide' 1s homologous to the nucleus of higher



organisms, It differs from the !'spiremoide' (spiremoide Fr. Z
spireme, Hollende 1is apparently refering to the obsolete spi.
'reme‘concept of the nucieus.as used by classical suthors.) of
other nuclei by the presence of volutin granules, The .!spi-
remoide' 18 fspmed by individual tubules which surround a nue-
cleoplasm. PFinally he concluded that the cytological struct-
ure of the Cyanophyceae is fundamentally similar to'that‘of
other plants and to animals. Stricklend (1948) first applied
e smear technique to certain Myxophyceae and reported the
chromatin materisl in Myxophyceae to be chemically and more
phologically gnnilar'to the chromosomes of higher plants,
Drawert (19&9)‘using the Feulgen nuclear reaction in Oscile
latoria Borneti found a reticular ’chrcmidialapparétf which
stained positively end in addition some small granules in 'the
cytoplasm which also reacted; He concluded that a morpholo-
gically differentiated nucleus is not present in the Cysno-
phyceae examined but rather s Feulgen positive 'chromidialape
parat! 18 present in a granular or reticular form and lying
mostly in the middle of the cell embedded inthe plasma ground
substance, \Bringmanhv(l950) denoted the chromatic meterial -
as a 'karyolde' which he distingulshed fromthe nucleus of
higher organlisms by the manner of occurrence and synthesis of
the nucleic acid systems and cell division. He concluded

that the chromatic substance does not possess the orgaenization
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of a nucleus but, however, functions as one, Bringmann (1953)
observed that following treatment with lenthanum acetate pose
1tive~sfaining‘reactions for deoxyribonuéleic-acid_(DNA), ri-
bonucleic acid (RNA), phosphate and lipids ocourred. He con-
cluded that the existence of this group of substances makes
it possible to relate the cell center of the Cyanophyceaefto~
mitochondria of higher orgenized cells. Zastrow {1953) utile
1zed basic vitel stains in determining the basiophilic nature
of ay'zentralsubstanz‘.V.The presence of the two nucleic
acids characterlzes the 'zentralsubstaﬁz"as a nuclear equive
alent, appearing in cells capable of dividing, in the form of
8 continuous body (central body). W¥With increasing cell age
individusl particles can be recognized in ‘the 'zentralsub-
stanz',' A centroplasm could not be found. Biswas (1953)
noted that the centrsl body of the Myxophyceae has a grester
affinity for pyronin stain than methyl green, He stabad that
this indicated the presence of RNA or DNA in a less polymer-.
1zed form. Cassel émd Hutehinson (195L4) working with several
smaller Myxophyceae concluded: that the Myxophycéaevpossess
material which ia clearly of a nuclesr nature, although they
presented no new evidence in support of this conclusion,
Drews and Niklowitz {(1956) ﬁorking with Phormidium uncinstum
observed that the centroplasm contasins, in diffuse distribu-

tion, RNA snd thres different granulsr-like elements: (1)
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small, mostly netlike, Feulgen positive granules; (2) large,
scattered granules, probably of condensed phosphate and evente
ually containing also RNA; (3) small, periphersl situeted
granules, containing. phospholipids, Other granules, with mie
tochondriel function, could be detected near the transverse
walls. This 1s perhaps the first report of mitochondria, in.
the form of grenules, occurring in the.Myxophycese, Fritsch
(1945) reported that mitochondria were lacking in the Myxo-
phyceae, Bringmenn (1953) compared the entire central body
‘to mitochondria, Thus it would appear that a clear under-
stending of mitochondria in the Myxophycesae iS‘not'yet“estab-
lished. Biswas (1956) 1solated the nucleic acids from Nostoo
muscorum using Heinrich's modification of the method’ 6f
Schmidt and Thannhauser, He concluded that DNA in Cyanophy-
ceae was similar in kind to that from other scurees and that
the RNA of Cyanophycese showed no quelitative devistion from
thet found in other forms, Further chemical studiea have re-
vealed (Biswas, perscnal ccmmunication) that the DNA can be
divided into two fractions, ocne DNA-I is soluble in alkali
eand the other DNA—Illin acids, These fractions-differ in.
their molar constitutions of bases and slso in their priopr
metabolic patterng Biswas (1957) concluded on the»basig‘or
cytochemical atudies;on the centrel body that the chromatie

threads in the central body show characteristics psaralleled
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with those of chromosomes in so far as the protein.moiety is
concerned,

The present state of our knowledge allows us to consider
at least three different alternastives in regard to the cell
structurse of Myxophyceae., The first would be to follow ‘
Fritsch (1945) who felt that the cell structure of Myxophyceae
cannot be directly compared with that of other plants (except
certain bacteria) and since the central b ody differs in many
respects from a true nucleus it should not be compared with
one because there 1s no evidence that the central bedy has |
any direct connection with a true nucleus., The second would
be to follow meny of the recent workers 1.e. Drawert, Bring-
mann, a&nd Cassel and Hutchinson who feel that the ¢entral
body of the Myxophyceae is equivalent to a true nucleus alw
though it lacks chromosomes and the precise organization,

The third would be to follow the minority and call the cen-
tral body of the Myxéphyeeaa & nucleus, oh the basis of cer-
tain chemical and morphologlcal charecteristics in common with
those of higher organisms,

To follow the concept as exemplified by Fritsch would
involve lgnoring the fact that, from the chemical‘standpoint,
the central body of the blue-green algse is similar to other
nuclel,

To accept the view point that the central body of the
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Myxophyceae 18 only equivalent to the nucleus of higher forms
always seems to involve the coining of some new term to de-
Bignate this structure., In view of the many terms which have
been introduced and the lack of general ascceptance of sny of
them 1t appears that this approach would continue to fail to
contribute to the need for a clear understanding of the'true
nature of the central body,

Evidenée, obtained from the species of Myxophyceae used
in this investigation, that tends to justify the acceptance

of the viewpoint that the central body 1s a nucleus will be

given in this paper,

Possibly the best starting point for this problem is to
attempt to answer the question as to whether the Myxophyceae
contain true chromosomes, since the chromosomes are the mosat
fundementel structures of all nuclei. "The nucleus is the
chromosomes” (Darlington and La Cour, 1947).

Therefore the first phase of the problem is - does the
genetic méterial in the Myxophycese exist in the form of
chromosomes? Secondly, what is the mechanies of the nuclear
division in the Myxophyceae?

This 1nvestigatidn was undertaken in order t o verify the
methods and check the results obtained with the smear tech=
nique by Strickland (1948). Additional methods were also ape
plied which might engble a more critical evaluation of the



morphology of the chromatin elements,



MATERIALS AND METHCDS!

The orghnisms used were Calothrix perientins Born. end

Flsh, and Scytonema Hofmannii Born. snd Flah, They are re-

presentatives of the families Rivularilaceae and Scytonematg~
ceae respectively.

The’blue-gfeen elgae used were grown es unialgal pure -
cultures on nutrient solutions, The cultures were freed of
becteria by the method repcrted by Gerloff et sl. (1950).

This technique depends on the fact that thé blue-green salgae
‘are slightly more resistant to ultre-violet irradiation then
are bacteria, The utilization of pure material under con-
trolled conditions of culture eliminates one of the cpiti-
cisms directed at earlier workers by Fritsch (1945).

The nutrient solution used was & modified Beyerinck's
prepered by diluting a standard Beyerinck's (Bold, 1942) by
one~half end making‘it up a8 & ten per cent .soil deccction,

A small amount of cslecium carbonate was edded to each one
hundred milliliters, The soll decoction was prepered by adde
ing ten grams of rich soil to one hundred milliliters of water
and autoclaving at fifteen pounda pressure for fifteen minutes.
The supernatent liquid was then removed and filtered twice.
The modified Chu number 10 nutrient solution used by
Gerloff et al, (1950) for the culture of blue—green algae was

also used but no advantage was noted in growth over the
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modified Beyerinck's solution, It should be said, however,
that a ecritical comparison of the'two;nutrient solutions was
not made as that wes outside the scope of this problem.

The algae were grown in one hundred and twenty five:
milliliter Erlenmeyer flasks fitted with gauze wrapped cot-
ton stoppers cepped with sluminum foil. Approximately'twenty»
five milliliters of nutrient solution was used in sach flask,
All glessware and nutrient solutions were sutoclaved and
aseptic conditions prevailed., Transfers wére.made in g transe
fer chamber equipped with a fifteen watt germicidiel lamp.
The cuitureS-were grown at room temperature under constant
illumination from & twenty watt fluorescent light suépended
one foot above the flasks.,

The method employed was a smear technique which has been
very productive in the study of chromosomes of other.ofgan-
isms, and was first employed in the blue-green algae by
Strickland {(1948)., The major difficulty in studying the gene
etic material in the Myxophyceee is to overcome the masking
effect of the chromatoplasm on the chromatin material, It
surrounds the central body, is very dense and quite commonly
filled with refractive grenules of various reserve materials
end other metabolites. This gel-like nature of the chromatoe-
plasm elong with the minute size of thé chromatin elements

makes the study of an intact blue-green slga cell g difficult
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task, However, by employing the smear technique the masking
effect of the surrounding protoplasm is overcome and the
chromatin elements can be readily seen,

The modified Feulgen resction for small and diffuse
chromatin material as given by Rafalko (1946) was used.

Heidenhain's iron alum haematoxylin was used in the
following schedulet

A, Fixetion‘with Carnoy's 3¢l acetic acid and
absolute alcohol, or substitute proplonic
acid for the sacetic acid.

B, Hydrate to water.

C, Mordant in 4% iron slum for thirty minutes.

D, Stain in 0,5% haematoxylin from thirty mine
utes to twenty four hours,

E., Rinse in water,

F. Differentiste with 2% iron alum or a satuw
rated aqueous solution of pleric acid,

- Gs Wash in running water for thirty to sixty
minutes,

Hes Dehydrate in alecohol series end xylol,

I. Mount in balsam,

Note: Material smeers best .4in the 10% alcohol
stage of the dehydration process.

With the haematoxylin stain the best results were obe
tained when the material was fixed and stained in bulk in
small glass vials. The smearing was done after dehydration
to around ten per cent aloohol.

The acid Giemesa method as given by Wolcott {1954 ) was
used with the following 8light modifilcation: fixation was
with Carnoy's fluid instead of with osmium tetroxide and the
Duboscq=Brasil fluid was omitted, The chromatin material is

stained red to red-purple and the cytoplasm 1s colorless or



1Y,

with a slight tinge of blue,.

To unravel the chromatin alements; films of material on
clean slides were exposed to NH)OH fumes for 15-30 seconds
before fixation after the method as given by Kuwada and Naka-
mura (193}).

The experiment by Mezia end Den (1952) in which they iso-
lated the mitotic apparatus of séa urchin eggs by the use of
detergents which solubilized other cell components was thought
to be & possible avenue for isolating the chromatic material
of the blue-green algse, Although it was reslized that many
additional problems of fixation and penstration might be en-
countered with plant material covered by sheath end cell
walls inccontrast to the relatively thin membranes of sea ur-
chin eggs.

The schedule of trestment with detergents:

A, Fixation with 30% ethanol at - 10 degrees
Centigrade,

B, Add equsl volume 12-15% peroxide for 30 min-
utes at room temperature, ‘

C. Detergent: add 20-25 volumes 1-2% detergent

" in water for thirty minutes up to seven days

with constant stirring. The two detergents
used were Duponol D and digitonin,

D, To collect mitotic epparatus centrifuge at
500 g, for three minutes, :

E, Re-suspend in water and store at refriger-
ator temperatures (10-15 degrees Centigrade).

F, An alternate method was a low concentration
of peroxide where the 15% peroxide is re=-
placed by 3-4% peroxide,

G. In long detergent treatment the detergent
was changed each hour and accompanied by
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‘vigorous shaking,:

All observation end photogrephs were made with & Spen-
cer 2mm Rumerical Aperature of l.40 apochromat oil immersion
lens. The substage condénser was fitted with a lens of Num-
erical Aperature 1,40, The light source was a Spencer AO-
735-D 100 watt filament lamp. The film used for all photoe-
graphs was Kodak Contrast Process Ortho. The film was devel-
oped with Kodsk D-II, and the prints were developed with Ko-
dak dektol. The film and prints were fixed with Kodek Acid

Fixer,



RESULTS

The application of the method of Mazis end Dan. (1952)
failed to disperse the cytoplasm of the cells of C, parien-
tina Born. end Flah, and S. Hofmennii Born. and Flah. It
was also applied to the cells of onion root tips for compari-
son but no isolation of the mitotic epparatus occurred, The
time of treatment with detergent was increased by intervals
up to seven days., After prolonged treatment with detergents
the material was partially macerated but no isolation of
eny struecture resembling & mitotic sapparatus or chromatin
alements‘occurred. Since any mitotic apparatus thét;might be
present would be extremely small it was thought ﬁhat staining
the material would meke it easier to observe. Therefore
Feulgen's reaction and Heidenhsin's haematoxylin procedures
were carried out on the material that had been treated with
detergents, The Fehlgen reaction proved unsuccessful on all
detergent treated material, The haematoxylin stain gave good
results but no separation of 2 mitotiec apparatus was observed.

A positive staining reaction wes obtained with the Feul-
gen method used, after conventional fixetion, in the blue-
green algse examined. The results, however, indicate that
this reaction can be applied onlytés»a means for the chemical
identification of DNA as it is not deep enough to be useful
as a stain in the study of the morphology of the chromatin
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elements,

The chrometin elements of the Myxophycegse examined were
observed to react to the ammonia fumes in & manner similar to
the chromosomes of other organisms.

The results of the smear technique sre given in the
photomicrographs in Plates I - IV. The chromatin elements
are seen to appear in the form of cylindricsl bodies of so~
11d consistency that stain intensely with haematoxylin and-
acld Giemsa. The smear technique disrupts the cells and the
chromatin elements are displaced outside of fhefcell. The
chromatin elements appear as longitudinal fods that exhibit
'the characteristic spiraling or coiling pattern of chromo=-
somes, ‘'The effect of ammonia fumes in relaxing the coiled
chromonemeta 1s seen when compariscn 1s made between figure 2,
which shows chromosocmes which have not been treated with ame
monia fumes, &and figure 3 in which the chromosomes were treat-
ed with ammonlia fumes before fixation. The untreated chro-
mosoméa appear as tlghtly coiled rods whereas the treated
chromosomes appesar as loosely coiled rods, The ssme thing 1s

ghown with snother species in & comparison of figures 4 and

Se



DISCUSSION
The existence of a nucleus in the blue-green salgae has
long been denied, mainly upon the evidence from & number of
investigators, that the constituent parts of & nucleus cene.
not readily be demonstreted in prepsrations fixed and staine

ed sccording to standard cytological procedures, It has been

established that the protoplasm of the blue-green algae is.

differentiated into & peripheral cytoplasm and & centrsl re-
gion in which is found one or more relatively large structe
ures that differ from the cytoplasm in texture end in giving'
a positive Féulgen reaction, The existence of these enti-
ties, whose reactions toward various nuclear staiﬁs haa
esrned them such names as 'karyolds' or ‘chrematin bodies!,
is not in doubt, but uncertainty persists concerning their
relationship to the nuclel and chromosomes of higher organe.
isms, The condition most frbquently observed has been & re-
ticular structure with embedded granules that stein positive=
1y in the Feulgen reaction, The present'study 1s concerned
with the morphology of these grénulea;

A nucleus has been looked rorvinthe blue-green algae .
since Schmitsz recognized what he believed toibe one 78 years
ago., A year after this observation, howaver, Schmitz as a
result of further work changed his opinion about the pra-

gence of a nucleus in the Myxophycesase, -
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Al though much work has been done and an extensive liter=
ature hes accumulated on the cytology of the central body
investigators are still far from agreeing about its structe
ure and behavior. The causes of this situation are many end
interpretations, rather then fects, have remained controverw
siel, Perhaps the basis for most of this disagreement over
interpretations reflects the absence of &. common terminology.
Therefore the chromatin structures of blue-grsen algae.will
be discussed fromithe point of view of general cytology so
that this handicap can bhe overcome,

Belar (1926) .defined the nucleus as "any formation sur-
rounded by cytoplasm from which chromosomes esrise during div-
1§ion“..'6hromosomea in this terminology are the essential
and 1rréducible elements of nuclel, being,complex chemically
and morphologically end more -easily recognizéd by their chare
acteristic behavior in nuclear division. Among‘the most im-
portent features of chromosomes ere their individuality, dife
ferentiation along bhe.long‘axis,.occurrence in sets of near
'1y constant numbers, & cycle of spiralization and relaxation
dﬁring nuclear division and finslly their capacity of self=-
duplication, This 1s the morphological concept of the chro=
mosome and it cen be readily confirmed by observation on
stained materisl. Throughout living orgenisms the chromosomes

show & uniformity in chemistry end mechanlies which 1s now
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known to be the foundation.of their physiological and geneti-
cal uniformity (Darlington and La Cour, 1947),

This morphologicel definition must now take Into account
the fact that chromosomes contain combounds of DNA, This
feature 1s so common that the presence of DNA must how be re-
garded as a prominent aspect of chromosomes and nuclei,

The chemistry of the genetic meterial in the Myxophycess

has become increasingly clearer since Pol Jensky and Petruschew-

sky (1929) first obtaeined a positive Feulgen reaction indi-
cating the presence of DNA, Since that time this reaction
has been duplicated on a variety of blue-green algae by many
different investigators. In & paper that seems to have at-
tracted 1ittle sttention, Mockeridge (1927) extracted all the
constituent radicles of the nucleic scids although he could
not isolate them as such from Nostos sp. Bilswas (1956) used

standard methods to isolate the nucleic acids from Nostoe

muscorum, &and he concluded that DNA in Cyanophyceae was simi-

lar in kind to that from other organisma’énd that the RNA of
Cyanophyceae showed no qualitative deviation from the normal
type. Biswas (1957) as the result of cytochemical studies
concluded that "~ the chromatin thfeads in the central body
show charscteristics paralleled with those of chromosomes, so
far as the proteinemoiety 1s concerned”,

Thus the chemical nature of the genetic materiasl in the
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Myxophyceae is similar to that of higher organisms,

The question now arises as to whether this shemical sime
ilarity is correlated with a-morphalogical structure that can
be strictly compared with chromosomes of other orgenisms,

Scott (1887) was perhaps the first te report whet he be=
lieved to be chromosomes in the Myxophyceae, There have been
others who believed that they recognized chromoscmes in the
blue«green algse and Fritsch (1945) listed most of these,
However, as noted by Fritsch end others those who have bee:
lieved that they recognized chromosomes in the blue-green ale

gae'havé furnished unsatisfactory supporting evidencs for this

‘observation., Most of the recent workers have given the chro-

matin material in the Myxophycese some new name which 1s supe

posed to characterize it, more or less, as & nuclear equiva-

lent, An exception to this haé been Strickland (1948) who

obtained phoﬁom&crographs of the chromatic elements of the
blue-green algae which showed the coilingvpattern characters
istic of chromoscmes. As a result of his observations he cone
cluded that the chromatin in Myxophycese is chemically and
morphologically similar to the ehromoéomea of the higher
piantsa The results of the present investigaticn have vere
ified the presence of the colling pattern of the chromatin
elements of the bluee-green algaes This coiling pattern is

affected by NH),OH fumes in the same menner as the chromosomes
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in higher organisms, since after exposure to Nﬂhﬁﬂ‘fumea the
tight coils of the chromatin elements relax into & very loose
coiling pattern. Thus the position is teken that the chroma-
tin of Myxophyceae 1s in the form 6f chromosomes which do.not
differ, chemicelly or morphologically, from chromosomes of
higher plants,

Fogg (1956) stated that "-- 1t is clear that they (Myxo=
phycese) have neither nuclear membranes nor bodies strictly
comparable with the chromosomes of other organisms", In viéw
of the evidence presented it would seem that the blue-green
aslgae d6 have bodles strietly comparsble with chromosomes: of
other organisms. Stern {1956) doubts that the blue-green ale
gaevhave~evolved to a common level of chromosome orgenizat-
fon,  This doubt is no longer tenable. . Robinow (1956), in an
excellent review on the chromatin bodies of bactefia, stated
that the blue-green alrae lack visible chromosemes and share
with the bacterie the "distinection" of heving nonchromosomal-
chrohatin organs. Further, although he cleerly points out
the need for_a common terminology in the bacteria, he seems
satisfied to apply to the central body of the blue-green algae
the "distinctive neme chrometic bodies”, The author feels
that fhe evidencs presented here is sufficient to cause re-
jection of the idea that the blue»green-algae are nonchromoe

somal ™
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The series of modifications which the nucleus ordinarily
undergoes in dividing is accomplished in several different
ways. The common method of division of higher plants and enie
mals 1s that of mitosis, which Flemming deseribed in 1882,

The significance of this process is the duplication and order-
ly segregation of the chromosome set of & given nucleus. 1In
the usual form of mitotic division the chromosomes undergo a
linear contrsction with a corresponding 1ncrea§e in t hickness
snd stainability, arrenge themselves on & fibrous spind1e and ,
undergo. duplication. The longitudinal halves separate,,afe ‘
directed toward thelr respectiée poles where daughter nuciei
form. Several variations may occur in this form of nucleér-
division, The divided chromoéomes may fail to form spirels,
The two features common to all the variations ere: the pro-
duction of sepavéte recognizable chromosomes either with or
without a spindle aﬁd a nondividing nuéleus,with its chromo-
somes visibly, cr more frequently invisibly, clustering to-
gether in a random arrangement,

The central body of the bluesegreen slgae has been re-
ported to undergo division by gradusl constriction and some
investigators have reported a true mitosis, However, inter-
pretations of the mode of division remain,controversial. The
suthor has observed the chromosomes of the blue-green slgae

studied here to undergo a division process but the true nature
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end sequence of events in this eycle was not clear, It 1s
hoped that continued work may produce a better understand-
ing of the mechanics of this nuclear division, since none of
fhe above types seem to apply here,

The appearance of the interphasic or resting nucleus as
it eppears in other organiSms has only rarely been observed
in the blue-green algae selected for this study. However,
there have beén cases where the central body appesred homoe
genous and surrounded by & definite membrane. These appear=
ances were seen in intact-cell mounts with scid Gieméa.

At the present time one can only speculate as to whether
the blue-green algal central body, because of chehieal and
structurel similerities, exactly corresponds to the nucleus
of higher organisms. The presence of chromosomes can no long-
er be doubted but there remains the necessity of the eluci-
dation of the chromosome eycle to remove all doubt fhat the
Myxophyceae contain a nucleus of comparable structure and

function to that found in higher plants,



SUMMARY

The organisms investigeted were: Calothrix parientina
Born,vand Fleh, and Scytonema Hofmannii Born,.. and Flah. -They
are representatives of the families Rivulsriaceae and Scyto=
nematacese respectively..

The chromatin materisl in these forms 1s Feulgen posie
tive, It stalns readily with Heidenhain's haematoxylin snd
acid Giemsa,

The chromatin is in cylindrical, rod-shaped bodies which
show the spiral or coiled pattern characteristic of chromo~
somes,

The effect of ammonia fumes on these coils is the same
as on the coils of chromosomes of higher plants,

It is clear from the results presented that the chroma-

tin in the species of Myxophyceae investigated is in a form

which does not differ from the chromosomes of higher plants
in physical or chemical structure,

The evidence from this investigation tends to add weight
to the belief that the eentral body of the Myxophyceae can be

considered a nucleus with definite chromosomes,
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PLATE I

Calothrix parientina Born, and Flah.

Fig. 1. ©Smear showing typical chromosomes., Cells stained

with Heidenhain's iron alum haematoxylin, X1800,







PLATE II

C. parientina Born., and Flah,

FiE. 2.

Fig. 3.

Smeer showing chromosome with three tight coils,
Stained with Heidenhain's iron alum haematoxylin,
x1800.

Smear showing chromosome with three loose coils,
Treated with ammonia fumes and étained with Heid-

enhain's iron elum haematoxylin. x1800.




PLATE II

Fig. 3

30,




PLATE III

Scytonema Hofmannii Born, and Flah,

Fig., 4. Smear showing chromosome with three tight coils.
Treated with ammonia fumes and stained with Heide
enhain's iron alum haematoxylin. x1800,

Fige 5. Smear showing chromosomes with loose coils,
Treated with ammonia fumes and stained with

Heldenhain's iron alum haematoxylin. x900,




PLATE III

Fig. 4

Figo S

g

-

32,



PLATE IV

€. parientina Born., and Flah,

Fig, 6. Intact ecell showing two chromosomes crossed.
Stained with acid Giemsa. x1800,

Fig., 7. Intact cell showing chromosomes almost filling
entire length of cell. Treated with ammonia

fumes and stained with acid Giemsa. x1800,




Fig, 6

Pig, 7
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