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CYTOMORFHOLOGY OF THE ASCOCARP OF CHAETOMIUM
CRISPATUM FUCKEL

INTRODUCTION

The Ascomycete ganus Chaetomium hse bean the subject of many
worphological studies, but relatively few af the numerous species

have been investigated. Chaetomium crispatum Fuckel is 2 species

that hss had only linited attentiom peid to ite m,rph;alugy.
Chastapiim crispatusm was named {n @erwmany by L. Fuﬂkc} o 1370 frow
matarisl aollected on rotting potatoes in hie cellar (Ames, 1961).
In 18f6, R, Zulkal undertooh a limited worphological study of this
fungus. The purpose of this research is to study the early stages
of development and the internal structure of the ascocarp, and the
ascogenous hyphee of Chaetomium srispstum Fuckel, utilizing moderv
technigques and optical equipmeat, to clerify the work of Zuksal.
Chastomiwi, » large genus of Ascomycetee, is characterized
by having specfalised hatre arieing from the oatiolsr region of the
perithecium, in addition to baving unspecislised leteral hairs arising
from the bese and sides of the perithecium. The appearance of tha
specialized hairs varies from straight to elightly wavy bairs
to tightly coiled ones, 28d these may or may a0t be braoched, Some
of theese haire coil cloekwise; others coil counterclockwise. The

perithecia never occur in e atroma, but are found growing individuslly,



and the perithecizl walls are very thin amd becume fragile with uge.
The ss¢i, ranging from club- to cylindricsl-shaped, are always
evanescent. Although the majority of the species of this genus have
8 sporaes in cach ascus, there is onc described species with 4 sporcs.
The ascoepores ere simgle-celled and colored, ususlly olive-brown.

A conidis]l stsge hes been recognized for only s few species

of Chastomium. All of the species of Chagtomium are aaprophytee

on papar, fabrice, straw aud dung.

Kupnge, in 1817, described the genus Cheagtomiyp with Chaetomium
obosum zs the type species (Chivers, 1915). Zopf (1666) and

Palliser (1910) mede some of the early contributioms to the R;OWIedgc
of the genus Chaetomium, Baniar (1510) desecribed 22 epecies and
3 verieties in his momograph of Chaetomiym. Chivers (1915) reported
that 114 species snd 14 varieties of Cheetomium had been described
up to that tims, but he only recognised 28 specise as being valid,
reducing the other names to sycomywy. Skolko aznd Groves (1948, 1953),
&8 sm outgrowth of their study of sced-borme fungi, monogrephed the
genus Cheegapiom and recognised &7 species, 16 of which they hed
succeeded in isolating from eeeds. In his monograph, Ames (1961)
gave descriptions of 83 species end listed 11 mevly described species
which hed mot been evalueted by him. S8ince ths publication of Ames’
sonograph, many more nev species hove been samed (Rei end Mukerji,
1962; Rai and Tewari, 1962; Dwivedi, 19633 8sha, 1964; Naplekovs and
Sergeevu, 1963; Nowek, 1966; Massucchetti, 19663 Van Warwmelo, 1966;

Seth, 1967; 196%a; Meyer and Lannesu, 19673 Eingh, 1968; Mendi,



Rafia, and Pillay, 1968; and Gochenaur, 1969).

The classification of Chaetomiua has not beems s uniform one.
There have been several different interpretations given the genus
in the clsss Ascomycetes, The most frequently used interpretction
1s to consider Chaetomium as the type genus of the family Chaetomi:cese.
This femily appears sost frequently in the order Sphaeriales, series
Pyrenomycetes., Gwynne-Vaughan (1922), Bessey (1950), Martin (1959),
and Alexopoulos (1952) support the interpretation of the Chaetcmiaceae
a8 a family becsuse of the dark-colored pseudoparenchymztous perithecinl
78ll free from the enclosed seci, which are in a definite hymenisl layer.
VYon Arx and Muller (1954) and Muok (1953) considered Chaetomium in the
Melanosporacese of the Sphaericles. The Melanosporaceae were defined
by them 28 having clavate asci rounded zt the tip with no apical
apparatus and the secus wall becoming gelatinous.

The evanescent nature of the asci leads Nsnnfeldt (1932) snd
Miller (1949) to tranefer the Chaetomiaceae to the Plectasceles.
In addition to the evanescent asci, this order is generally described
as having @ closed sscocarp and irregularly ecattered asci in the
ascocarp; these latter two characteristice are not epplicable
to Chaetomium, Gaumsnn (1928) did not recognise the Chsetomisacese
as 2 separate family, but instead dealt with the genus in the
Sordariaceae, order Sphaerinles. Later he treated it tn the
Ophiostomataceae of the Plectascales (Gaumann, 1952).

Luttrell (1951) coneidered the Chaeton;sceae in the Xyloriales

of the Pyrenomycetes, an order similar in definition to the



Sphietriales. In his critical analysis of the sscocsrp morphology,
Luttrell (1951) emphasizes two main structures in the classification
of the Pyrenomycetes: (1) the variztions in the centrum development
and (2) the ascus characteristics.

The variction of the centrum depende upon the place of origin
of esci and the sterile tissue, and upon the function snd persistence
of sterile tismsue in the ascocarp.

The sscus structure depends on the form, on the type of apical
apparatus, and on the number of walls making us the ascus. He
described several types of asci and several types of centra fn the
Pyrenomycetes. He classifies Chaetomium as having on Ophiostoma-
type ascus because in moat species (t is globoid snd is composed
of only one thin ascus wall without 2n zpical pore. Luttrell
considercd the genus as having the Xylaria-type centrum because the
paraphyses grow upwerd into the centruzl part of the perithecium.
This upward growth produces pressure on the cells in the centrsl
cavity.

The wmost recent studies have placed the order Chaetomirles
in the Chaetomisceae, an order often treated as Pyrenomycetes,
Martin (1961) was the first to use this system of classification.
Ames (1961) and Alexopoulos (1962) followed his interpretation.

The general pattern of development of the ascocarp in the
Ascomycetes is similar, but details vary. In a typicel ascomycete,
the vegetative mycelium produces the ascogonium, the cells of which

may be uninucleate or multinucleate. The antheridium is forwed



from the same or an #djscent filament, and the two orgens mny be
cennected by i trichogyne through which the sntheridisl nuclei
migrate into the ascogonium,

The ascocarp which occurs around the sex orgsns of most
Ascomycetes may take several forms, but the walls of sscocarps
are formed from the interweaving of somatic hyphae, forming
pros:nchymatous or pseudoparenchymatous tissue., 1In soma species,
the sscocarp may begin development before the sexual organs appesr,
vwhile {n others the development of the ascocarp {s delayed until
dfter the sexual orgens have formed.

In the ascogonium, the sntherid{sl nuclei pair with the
ascogonial nuclei, foraing a dikaryotic condition. According
to Harper (Bessey, 1950), the paired nuclei fuse, forming diploid
nuclef{ in the ascogonium. Bowever, Claussen (Bessey, 1950) reported
that the nuclei did not fuse in the ascogouium - they only paired.
Cloussen's interpretation has deen accepted by most recent mycologists.
Numeroue a2scogenous hyphae appear froam the ascogonial surface ind
the paired nuclei migrate into these hyphae, thus forming dikasaryotic
cells. In some species, a&n antheridium is lecking and a vegetative
filament or spore-like apermantium will fuse with the ascogonium,
providing the mole nuclei. In other species, the ascogoniun
apparently does mot fuse with an antheridium or a filament, but
instead, the nuclei of the ascogonium pair with each other.

In many Ascomycetes, the dikaryotic cells in the escogenous

hyphae curve to form hook-sheped structures c:slled croziers. The



2 nuclei in the crozier divide simultaneously and 2 septa sre formed,
leaving 1 nucleus in the tip or ultimate cell, 2 nuclei in the middle
or penultimste cell, and 1 in the base or antepenultimate cell.

The binucleate penultimste cell will become the ascus and is referred
to ss the ascus mother cell by Alexopoulos (1962). The nuclei of the
penultimate cell fuse, and the resulting fusion nucleus would be,
according to Claussen's interpretation, diploid, or, sccording

to Barper's interpretation, tetraploid. The fusion nucleus soon
undergoes meiosis, forming 4 nuclei which, according to Clausaen,
would be hsploid, and, according to Harper, would be dip}oid.
Generally this is followed by simultaneous nuclear division, resulting
in 8 nuclei in the ascus. Claussen regards this divizion as mitotic.
Harper's interpretation of this third nuclear division i{s reduction«l
and has bean called brachymeiosis (Gwynne-Vaughan, 1922), Both
regard the resulting ascoaporss as being haploid. Scme species do
not form crosziers on the ascogenous hyphae, but the ascospores are

produced in 8 siwmilar way.



LITERATURE REVIEW OR MORPROLOGY

The first important sorphological treatment of the Chaetomizcese
was # publicatiou by van Tieghen (1875) on the development of the
ascocarp in Chasetomium. Although he did not mention the species
he treated, he described the ascogonium as a coiled structure from
vhich the asc{ mrose. The walls of the perithecium snd the hairs are
formad by branched hyphse, which he referred to as the periascogonium.
These hyphae arise froﬁ the bsse of the coiled ascogonium and ramify

over it. In the following year after studying Chsetomium murorum

Corda, Cheetomive indicum Cordc, and several other new species,

van Tieghen (1876) indicated that when growth om a poor nutritive
medium oceurred, the vells of the perithecium 2nd the hsirs were not
formed by the periascogonial hyphae but were formed by the -scogonium
itself.

Zopf, in his woonograph of Chaetomium (1881), deecribed
Chaetomium kugsesnum Zopf, which Chivers (1915) and wmost subaequent
workers have regarded es a synonym of Chaetomium globosum Kunte.
Zopf detected some screw-like structures but did not refer to them
ae tile ascogonis that van Tieghen had described. Prowm hie
observntions, Zopf concluded that the initiasl hyphase coiled =zround
each other, forming the perithecium. Althdugh he did not mention
the sscogonium or the periascogonium, he may have obo-orved both

of these structures,

- Fis



From working with Chaetomium kunzeanum Zopf (=Chaetomium

globosum Kunge), Eidam (1883) observed a coiled ascogonium, which
he referred to as the carpogonium, with hyphal branches arising

at the base of the stalked ascogonium or from adjacent hyphae.

Zukal (1886) followed Zopf's interpretation by denying the existence
of coiled sscogonia in Chaetomium crigpatum Fuckel. He described
the development of the perithecizl wall and the saci ¢s being
vegetative outgrowths of specialized hyphae. Yollowing Zopf's

invastigations and those of Eidsm, Oltmanns (1887) reported

observations on Chsetomium kunzeanum Zopf (=Chaetomium globosum

Kunze) that coiocided with thoee described by van Tieghem =and
Eida=. He observed some stalked and some sessile coiled asscogonis
with the perithecial walls formed by the hyphae a2t the base of the
ascogonia,

There hass been considerable morphological work in the
twentieth century on the genus Chsetomium, Dangeard (1907)
observed that the cells of the vegetative mycelium of Chaetomium
spirgle Zopf were uninucleate while two nuclei were observed during
new branch formation., MNis report of a coiled ascogonium with
associsted hyphae forming the wells of the perithecium supported
the work of the earlier wycelogists on Chaetomjium kunseanum Zopf
(=Chaetomium globosum Kunse). Vallory (1911) made a cytological
study of Cheetomium kungeanum Zopf var. chlorinum Mich. (~C,

globosum Kunzs), reporting that the cells of the ascogonium and the

vegetativs mycelium were multinucleate. He observed that the nuclei



were frequently paired. From this he concluded that the pairing
of nuclei was the result of rapid division, amitotically, and not
a2 sexurl process.

Working with coprophilous fungi, Page (1939) isolated severzl
species of Chaetomium and made a limited morphological study on them.
He described short, multicellular coiled hyphae forming the walls
of the perithcciun.with hairs arising from th§ outer layer of the
wall. HBe reported crosiers in many of the species he observed,
although he did not indicate in which species he had seen themn.

Paraphyses were present in Chaetomium globoaun Kunze, Chaetomium

murorum Corda, Chaetomium cochliodes Palliser, Chaetomium bostrychodes

Zopf, snd Chaetomium carpinum Banier. In some species the ascospores

oozed out of the perithecium and formed a rod-liie masg st the top,

but in Chsetowium globosum he reported the spores formed a mass

within the hsirs.
Greis (1941) made an extensive investigation of the development

of the ascocarp of Chsetomium kunzeanum Zopf (=C. globosum Kunze)

and C. bostrychodes Zopf. Since he used sectioned msterial and slide

cultures, his study wss wore valid than the esrlier investigations.
According to Greis, the development of the perithecium of Chaetomium
kunzeanum begins with the union of the ascogonium by an antheridium
or by a vegetative mycelium, He reported thet the entheridium
contalns one or two nuclei which pass into the multinuclesate
ascogonium, After the antheridial nuclei pair with some of those

of the ascogonium, conjugate divisfon occurs, followed by the
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formation of crosewalls. Greis indicsted th:it the walls of the
perithecium were formed from the primery ascogenous hyphse or
directly from the fextilised ascogonium. The secus was formed
without crosiers and the two nuclei in the young escus united

to produce the fusiom nucleuvs. Im Chastomium bestrychodes Zopf,

he ststed that the development of the psritheciwm was similar
to that in the development of C, kunszazqum, except that in somes
cases apontanecus nucleay pairing, or auvtogewy, was substituted
for fertiliaastion. JFrom & eimgle ascogoniua, he reported several
perithecia way be formsd in ¢. kunseanum while only one perithecium
is forwed in G, hostrychodes.
A cytological study of Chastomium globosum Xurize wes made
by vao der Weyen (1954). He utilised the sectiom technique
in additiom to the carmine smear techaique. %Ne wae unable to obtzin
the coiled ascogonies in his sectioned msterisl, But he waa able
to obsexve the sseogevous hyphse with the carmine smear technique.
He reported that moet of the celle of the asescogenous hyphae were
unioucleate, snd crosiers may bs formed on ths ends of the hypheae,
Io bis work with Cheaetomiwm, Whitestde (1937) receognized two
patterns of assogonial developmeat. ke wade a eomparative study
of nios species of Chaetomiym which had differsnt sscue forms
as well as variations in the terminal haire of the parithecia.
In Chastopiun globoeun Kunse, 8, aterrimum Ellis aud Bverhart,
C, ochxaceum Tachudy, G. fumicolum Cooks, C. dolichotrichum Ames,

Ca pyrorum Corda, snd C. pachypodicides Ames, the stalked or
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sessile ascogonium i8 irregul:arly coiled and the vegetative mycelium

lacks hairs. In Chsetomium brasiliense Batistas end Pontual and

C. surqum Chivers, the sscogonium coils in ¢ symmetrical pattern
aroudd the stalk cells and the vegetative mycelium hza prominent
hairs or sets. Whiteside (1961) also msde 2 morphologicsl study

of Chactopiup globosum Kunze and Chaetomium brasiliemse Batiata snd

Pontual., He described the secocarp of Chaetmnilg globosum o8 haviag

the basal tuft of ascl originating from a couniczl wsss of ascogenous
byphese. These hyphae, he reported, miy have originated from the
ascogonial coil, Although ther; were a few scattered binucleate
cells, there =zppeared to be no crosier formution. The cells of the
vegetative myceliums were commonly multinucleate with the nuclei
occurring in pairs. In Chsetomium brasiliense he indicated that
either asci or new crosiers arose from the penultimate cell of =
crozier. The cells of the vegetative mycelium were also plurinucleaste,
these auclei often occurring in pairs,

Corlett (1966) described the development of the ascogonial
primordium of Chpetamium trigonosporum (Marchal) Chivers ss being
similar to the developmsnt Whiteside (1961) recorded for Chsetomium
&lohosym Kunse. The only differences were in the nuclear condition
of the mycelium. The wycelium of the former was uninucleate, while
the wycelium of the latter was plurinucleate. The apex of the
ascogenous hyphbae developed into the asci directly without forming
croziers. Cherepsnova (1962), observing the later stages

of development of the perithecius, snslyzed the variations in the
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morphological characteristics of Chaetomium globosum Kunze,

C. megaloecarpum Bsnier, sod ¢, murorym Carda.

In 1966 Berkson reported z cytomorphological study he made

of the ascogenous hyphae of Chaetomium gureum Chivers, C. murorum

Corda, G, caprinum Banter, and C, dolichotrichum Ames. Ne observed

00 crosiers prior to ascus formztion in C, aurewm end C., murorum,

but he d18 see crosiers in C. capripum and C. dolichotrichum.

Auve end Muller (1967) isolated Chsetomium aduense Lodha,

G. uniporum nav. spec., G. gelasinosporus mov. epec., smd
C. venesuelense Amee from soil obtained in Egypt. The main purpose

"

of their study wes the behavior of the germinatiang ascospores, but

they 414 odeerve the thallus smd the fruiting bodies under different
nutrient eonditions im additioa to illustrating and deseribing the
ascogonia.

Brever end Duncen (1968) reperted thet the vegetative hyphzl
cells of Chaetomium cochliodes Melliger weve wultinucleate while
the secogencos hkyyhase wese eninucleete. WRook-like struotures in the
ascogenous hyphse suggesting eresiers ware observed, but no typical
cxosieTs were evident. The single nucleus of thess hook-like cells
in the young ascue divided, followed by nuclear fusion end reduction

divieion,

In @& study of Chastomiuym bostrychodes Zopf, Range Reo and

Mukerji (1968) found wo crosiere, the cells of the wninucleate
ascogenous hyphae develuping diractly into asci. The nncleus of the

elongated ascus was loeated in the center and them following meiosis
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and mitosis, the ascospores were formed.

From his study of Chaetomium erraticum Ames, Cooke (1969a)

described the vegetative hyphae and the sscogonial cells as being
uninucleate or binucleate. The sessile ascogonium coils and the
hyphae in associstion with the ascogonial base form the walls of the
perithecium and the perithecial hairs. The pseudoparenchyma cells
break down and form a central cavity in the centrum. He observed

the formation of croziers in the developing ascogenous hypliae. Cooke

(1969b), in his morphologiczsl study of Chaetomium funicolum Cooke,

reported that the cells of the vegetstive hyphae vefe uninucleste
while the cells of the coiled gscogonium were uninucleate or binucleate.
The ascogenous hyphce developed in the central portion of the centrum
and crosiers were observed at the tips of the ascogenous hyphae.

The perithecial development of fifteen species of Chaetomium
was studied by Seth (1969). Most of the species followed either

the pattern of development of Chaetomium globosum or the pattern

of Chaetouim brasiliense described by Whi-tnide (1957). But
C. tenuissium Serg., G. torulosum Banier, C. funicola Cooke, and
C. quadrangulatum Chivers had a variety of wmesns of coiling of the
ascogonium. These he described as having an "intermediate'" type
in which mycelial hairs may occur in species with the C. globosum
pattern of ascogonial developaent.
Cooke (1970) described the ascogonial coils as being stalked
in Chaetomium grilngaénle Chivers. Re reported the vegetative hyphse

were uninucleate and the ascl arose from true crogiers.



MATERIALS AND METHODS

The culture of Chepgomiwm crispatum FPuckel was {solated
io Jenuary, 1961, fxom e dung collection obdteined in central
Illinois. The exact eite of the collection was not recorded.
Identificetion was azde by Dr. W. €. Whiteside through the use
of monographs of the Chastomisceee by Chivers (1913), Skolko and
Groves (1948, 1933), and Amee (1961). ;klthough this species wes
nemed in 1870 by Fuckal, it hae been reported relatively few times
in North America. According to Chivers (1915), Ames (1961), aund
Skolko and Groves (1953), ecllections have been recorded from
Massachusetts, South Carclima, Virginia amd Tenpéssee. In 1926,
Abbott reported isolating it from soil colleeted im Louisiana
(Gilman, 1957).

Agar plates were imoculsted with small blocks of eger
contzining vegetative mycelium, Growth of the vegetetive mycclium
was spparent in spproximstely feur daye, but no perithecis were
produced on mult extract agar, yesst extract agar, tometo juice
agar (200 ml tometo juice, 13 gm sgar and 800 ml distilled water),
snd V-8 agar (200 =ml V-9 juice, 3 gm calcium carbonete, 15 gm sgsr
snd 800 ml distilled water). The wmycelial groweh wes rapid,
covering the whole plate on both the tomato juice and V-8 agar.

The only medium utiliszed om which perithecia formed wes 1.5% agar

- 14 -



o 1% =

poured over a few sterilized ocatmeal flokes., The depth of the sgar
was of some importance because the organism produced peritheciz
wore readily snd wmore abundantly on agar plates of grezter depth.

4 possible explanation may be that the greater depth of agszr results
in the fungus being further removed from the food source, or it msy
be that drying out of the medium is retarded,

The cultures were grown at room temperzture as well as in 2
constant temperature incubastor., The optimum temperature for the
formation of the zscocarps was found to be approximately 80 degrees
to 90 degrees Prhrenheit. Temperatures lower or higher then this
optimum seem to inhibit both the vegetative growth and the fcrm:tion
of the perithecia. In wmost species of the genus, such 28 Chsetomium

globosum and C. bostrychodes, which have been subjected to deteiled

morphological study, the perithecia a2re produced rapidly znd
zbundzntly on s variety of media. But the development of relatively
few perithecia per given surface area and the failure of perithecium
formation on many platee indicate thet C. crispatum has an erratic
development. The length of time for perithecial development varied,
but mature perithecia usually formed within two to three weeks,

In demonstrating the ascogenous hyphae, the propiono-carmine
smear technique was utilized, The killing and fixing agent employed
was Carnoy's fluid (3 parts of absolute ethyl alcohol, 1 part
of glacisl acetic acid, and 2 to 3 drops of chlofdform). The
material to be stained by this technique was placed in the Carmoy's

fluid for two days and thén into a smell container of propiono-
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carmine stain for three days (Johansen, 1940)., Both of these
sclutions were placed iv the refrigerator while the fungus tissue
was present, A few perithecin were transferred to s fresh drop

of propiono~carmine stain on a microscope slide. With the aid

of the dissecting microscope and fine needles, several perithecia
were separsted from the vegetative mycelium, and agar plus the
centra were dissected from the perithecia. A cover slip was
placed over the contents, pressure waé applied to sepsarate the
ascogenous hyphae, and the slide wes warmed to intensify the atainm.
The cover slip was sealed by 8 fluid contsining 1 part of 452 glscizl
acetic acid, 1 part white Raro syrup, and 1 part saturated aqueous
suspension of pectin. Once the slides were made, they were stored
in the refrigerator overnight to allow the stain to intensify.
Since a breskdown of the material occurred goon after the slides
were prepzared, it wae necessary that observation be made the
following day.

Sections cut with a microtoms were used for studying the
development and structure of the centrum, The Rzndolph's Modified
Navaghin end FPormalin-Aceto-Alcohol (FAA) fluids (Johznsen, 194nN)
wvere employed as the killing and fixing agents fn this method.
Blocks of sgar with perithecie were placed in the Kcva’hin fluid,
aspirated for sn hour, and left in the killing agent for 18 hours.
Pirst, the material was rinsed a few minutes in tep weter. Then
it was dehydrated before being put into the stain. The dehydration

schedule wos as follows: 2 hours each in 10, 20, 30 and 40% ethyl
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alcohol; 2 hours each im 53, 60, 70, 80 and 1002 tertiary butyl
alcohol (TBA) with eosin added to the 1002 TBA; overnight in pure
TBA; zgud 2 hours in pure TBA with paraffin oil. The procedure for
meterial fixed in FAA was eimilar excapt that the material was
trensferred directly from the fixing fluid to 302 alcohol in the
dehydration series, since the FAA contains this alcohol percencage.
After dehydration, the meterial was transferred to small vials and
infiltrated by a mixture of sbsolute TBA and paraffin. 7The vials
were placed in the warming oven overmight, and 2 to 3 changes

of melted paraffin were wmade before embedding. The material was
mounted on wooden blocks and gsectiomed with & rotary microtome

at a thickness of 10 to 15y, HRaupt's adhesive (Johansen, 1940)
wvas used to 2ffix the paraffin ribboms to microscope slides,

which were pleced on the warmiug table to dry overaight. This was
followed by placiang them in 2 changes of xylene for 5 minutes cach
to dissolve the paraffin, folloved by 5 minutes in absolute ethyl
alcohol, 2 minutes each in 85, 70, 350, 30 and 10%2 ethyl alcohol
and 1 minute each in 2 changes of distilled water.

Some nat;riel, both thzt which was fixed {n Maveshin fluid
and in PAA, was stained overnight by Miyer's Bemalum (Johansen,
1940) and rinsed in distilled water until the water was no lomger
tinted. The fungus tissue was daestsined in 0.1% hydrochloric acid
(1 m1 BC1 in 1,900 ml 820). In the other steining procedure,
the msterial was mordanted in a2 3% solution of tron alum for

2 hours 2nd rinsed in running water for 15 minutes prior to staining,
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Then it was stained overmight in Heidenhain's Hematoxylin (Johansen,
1940), followed by destaining in a 2% solution of iron alum. The
Heidenhain's Hemstoxylin etain was used on material fixed by both
the Naveehin fluid aad in FPAA,

Dehydration of the tissus was aecording to the following
schedulet 9% minutees each fm 30, 50, 70, 851 and 2 chaages
of absolute ethyl aloohel; 1 minute in clove o0il to clear the
slidess aad 1 minute each im 3 changes of xylewe. Permowmt was
used to mowmt the cover slips, end the slidee ware plsced on the
warming table te dry.

The wethod used for observation of ascogonia was a weter
mount. Pirst, zn area on the culture in which perithecis were
beginning to form was selected. 8mz2ll blocks of agar wers then
removed and placed in & drop of diluted aqueous phloxine solution.
The cover slip was placed on the agar and pressure was applied
to spread the material. The slides were exsamined under the medium
pover objective (X312.5) to locate the widely dispersed asmcogonia,
sfter wvhich rthe individuel ascogonia were studied with the oil
immereion objective (X1230).

A Zeiss microscope with a Meofluar oil immersioms lems wes used.
The drawings were wmnde with the use of an nttached drawing apparatus,

and their magnificstion is indiceted.



OBSERVATIONS

In previoue studies of species of Cheetomium, the formation
of the sseogenivm, the development and structure of the ascus, and
the development of the centrum hove been given conaiderable attention.
In sddition to the pewitheciel hairs, these features have been smong
the most important onev ueed in the charscterigation and clessification

of this genus. In this etudy of Chaetomium crispatum Fuckel, emphasis

will be plated on cthese three characteristics.

OBSERVATION It TRHE ASCOGONIUM

The ascogonium, generally referred to ss the female reproduction
organ of Ascomycetes, is » specialized hyphel brunch that begiuns
to elongate and coil {rregulsarly, forming a tightly coiled sphere
(Figures 23 - 27). From the basal cell of the ascogonium arise seversl
hyphae which twist arownd the ascogonium to form the walls of the
perithecium and the specinlimed hairs (Pigures 25 - 27). In the early
secogonium no croemmlle sre evident, but ufter the sscogonium coils
sovers)l times, crosewvells are formed., Beverz]l examples of relatively
youmg zscogonia with heive preeent can be cbserved.

Therve is » tendsacy for the escogonia to occur in clusters,
but generelly thess ascegomis 2re quite sparse, With the medium power
objective (X312.5), two or three ascogoniz can often be seen in one

field. Some of the ascogonie sre close envugh to touch each other.

s 19 -



Hovever, st this magnification, must ficlds show ouly ihe branched

vegetative hyphae.

OBSERVATION IX: THE ASCUS

Hook~shaped structures that cppesr to be typilcal crosiers
can be observed im the ascogemous hyphse of Chaetomium crigpstum
(Pigures 1 - 12). The penultimste cells a2re binuelente, while
the ultimste #nd zutepenultimnte cells sre uniaucleete. The z8cs
appareotly originste from the binucleste penultisate calls,

The mature ssci, averaging 68y x 1)y, zre eylimdrical with
8 oveid spores in each ascus, while the eversge sisze of the young
ascus at the stsge wher the fusiscn nucleus is present 16
16 + 2,5, x 6. Mony of the secospores atre free in the perithecium,
due to the evanescent nature of the walls of the aescua. The size
of the msture spores range from 12y x &y to 15y x 5y, the aversge

being l4u x 4.5V,

OBSEEVATION 111: THE CENTRUM

By using the aecti..oned. materfial, it can be observed th:t
the developing perithclciun hes a surface layer 3 to 4 cells thick,
consisting of rellatively small, derkly pigmented cells which are
gbout 1 .to 2u in diameter. From thesse cells, the coiled terminsl
hairs and th§ straight lateral hzirs develop. Underlying this
is a4 layer compused of cells 4 to 5u long which retsin considerahle
stain, The inneérmost region, i-‘) to 12 cells thick, consist

of large purenchyma~like cells which are thin-walled, highly
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vucuolated, snd fail to retsin wmuch stain because of their
vecuolated nature, These large, psrenchymn-like cells appear
to £ill the centrum of the perithecfum (Figure 29), but are oot
clearly evident in perithecia with mature asci. Although & few
of theee cells can still be observed in perithecie with mature
38ci, most have disappeared by this time, presumably being crushed
by the developing asci. From a wet mount of the perithecisl
contents, these cells appear to be short filaments 3 to 5 cells
long, and often forming short branches. The cells of these
filaments rre spproximately 7, in diameter (Figures 17 - 22) &nd
differ from the psrsphyses by hiaving greater dismeter and shorter
length.

From the middle layer of cells oear the ostiole, s layer
of periphyses develops and fills the ostiolar region (FPigure 29).
They originate from the sides of the vsticle. Psraphyses extend
up through the centrum. Some of these parasphyses grow from the
base of the centrum while others develop from the sides, the
paraphyses having their origin from the middle layer of cells.
Many of these psraphyses sre very long and nearly reach the ostiole,
but the ones which originate near the top of the centrum are such
shorter and sppear to be very numsrous. The paraphyses arise prior
to the appeersnce of the ascl and are evident @ven after the ascospores
sre formed (Figuree 28 - 29). The average sixe of these psraphyscs
are 533, x 2y. In wet mounts, application of pressure to the cover

slip cauees the cells of the parsphyses to break aport. The asci
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from the sscogenous hyphae grow up a2mong the paraphyses into the
centrum, but in developing perithecia, the p:raphyses ore only

3 to 4 longer theo the ssct{, In matuve perithecis, the paraphyses
sre lobger thun the asci. The asci and the pzraphyses together

form # loosely arranged, flat cushion at the bsse of the centrum.



DISCUSSIOR

Chaetomium i8 & large genus with considersble variaticn
in the gross morphology of the ascocsrp, particularly in the form
of the terminal perithecial hairs. Studies un the developmental
morpholegy of the perithecium have been carried out on at laast
thirty species, but the only previcus developmental study on the
group with hsirs coiling counterclockwise and with cylindrical

ascli was on Chzetomium crispatum made by Zukal in 1886. The

higtory snd characreristics of the ascogonium, the paraphyses,
the centrum sud the sscogenous hyphae of Chaetomium are hearewith

digscussed in further detail,

TRE ASCOGONIUM

The first raference to the coiled nature of the ascogoniun
of Cheetomium wes made by van Tieghan (1875). Although he did not
mention the spacies with which he worked, he reported that the
asci had their origin from s coiled ascogonium, while the walls
of the peritheciom and the perithecisl heirs ~rose from branched
hyphse leaving the base of the secegonium and growing cver the
surface. He referred o these branched hyphae as perisscogonia,
Eidam (1386) described the sscogonial development of C. kunzeanum
Zopf (=C. globosum Kunge) as being eimiler to the development

reported by ven Tieghan, except that he observed that the branched

¢
N3
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byphse which form the walls of the perithecium ®may erise fxom the
adjacent hyphal cclls as well as from the base cell of the
ascogogium. Many other investigetors have reported the same
cailed nature of the uscogonium through the study of various
species of Chzetomium,

Whiteside (1957) was the first to attempt to classify the
ascogonia in Qg?&llim. Me reported two types of sscogonia withia
the genus. The most frequent type of &scogonium was one which coils
about itself i{n an irregulsr fashion snd was designgted #s the
Chactamium globosum type. The less frequant type hed a prominent
ascogoniz] stalk, with the ascogonisl tip coiling about itself snd
spiral:igg down the stalk calls in a symmetrical patt’ern. and w8s
designated as the Chaetomium brasiliense type. Species which appasx
to have the first pattern of development sre C, aterrimum Ellis and
Everhart (Vhitaside, 1987), C. bogttychodes Zopf (Creis, 1941),

G, doliehotrichup aAmes (Whiteside, 1957), C. exrreticum Ames (Cooke,
1969), @, fwaicola Gooke (Seth, 1969), C. funicolum Coocke (Cooke,
1969), C. globosum Xunze (€. kunzeanum Zopf) (Kidem, 1886; Oltmzuns,
1887; Vsllory, 1911; Greis, 1941, van der Weyen, 1954; Whiteside,
1957), €. ochraceum Tschudy (Whiteside, 1957), C, quadrangulatum
Chivers (Beth, 1969), C, spirale Zopf (Dangeard, 1907), C. tenuilssium
Serg., (Beth, 1969), C, torulosum Benier (Seth, 1969), €, trigomosporum
(tarchal) Chivers (Gorlete, 1966), and C, trilsterale Chivers

(Cooke, 1970). 'The species vhich spparently have the second type

of ascogonium development are C, sureum Chivers (Whitestde, 1957),
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G. brasiliense Datiota and Pontual (Whiteside, 1957), and C. ugiporum
{Aus and Muller, 1967).

Zukal (1887), im bis study of the dsvelopamsnt of the perithecium
of Chaetopium grigpatum Fuckel, indicated that the perithecium ususlly
originates from the vegetatiwe hyphes, although he did report seeing
s few cerpogomia (ascegounis) vith a screw-1like development. His
rigure 1, the only illustratien that appeers to be a youag stage,
fails to show emy coiled structures, la ¢ontrast, in this study

of Chestomium crispatum, so secoponium which coils irregulsrly

eround iteelf several times forming a2 sphere, is observed

(Pigures 23 - 27). The sacogonium ie the Cheetomium globogim type
ns described by Whitaeide (1957).

THE PARAPRYSES
In 1941 Greis reported brsal paraphyses for both Chaetomium
kunseanum Zopf (~C, globosum Kunze) and C. bostrychodes Zopf.

In Cheetomium globosum Kunxe, Whiteside (1961) swv septate filaments

developed from the inner layer of sterile cells in the perithec{um.
He regarded theam ¢s the parsphyses thst Luttrell (1951) reported;
howvever, he emphrsized the ephemsral nanture of these poraphyses
as an explanation for severel reports in the literxature deeying the
presende of pavephyses ia G. globogym. Whiteside did not observe
persphysee im Chastomiym braziliesse Batista and Puatusl.

Corlett (1963) wentioved that there were septate paraphyses

in the upper part of the perithecisl cavity oce G, srigonoeparim



{M:rchrl) Chivers, bnt indi{cated thot they were abscat from the
hymenial lsyerv.
Cooke (196923 1969bd; 1970), in his detailed studies

of Chaetomium errsticum Ames, C, funicolum Cooke, and C, txilster=le

Chivers, ststed rthat persphyces ave lacking in thes: threc sperics.

Zukal (1886) obscrved psraphyses im Chsetomium crispatum

vhich originated from the sides of the peritheci:l wall ond grew
upward towsrd the ostiolsr region end mixed with the ssci. He fel:
thet their zppescrance of sloping upwsrd gave the effect thrt they
asrose from the s-me rres as the ssci. PFrom his drauings (Zukel,
Pigures B - 9), Zuksl indicated the paraphyses seemr to persist

nn the saides of the perithecium srnd ~wong the zsci aven efter the
ascospores heve formed in the nsci. Thir study reveals that the
p-raphyses 1o the earlier atagea of C. crispatum are eimilar to the
anea deszcribed by Uhiteside (1961) for C. globosum, but the prr:physes
remajin even after the 2a¢f ore mature, 2 condition not present in the
letter species. Howcver, by the time the asci hrve completely

broken down, the varaphyses have disappesred in Chsetomimm crispatum.

TRE CEWTRUM
Luttrell (1951) classified the centrum of the genus Chretomifum
as the Xylaria type. According to Luttrell, in the Xylari: canteun
the perithecium was formed by hyphsl branchee srising from the at: i
cell of the sscougunium or from neigbhboring hyphse. A cavity ip the

perithecium was produced by the growth of psraphyses, which lined

the buae ond side of the csvity, thus exoinding the perlithecium,



The ascogenous hyphae, arising from the sscogonium, grew up from
the bage and the sides, forming & countinucus hymenium of asct
generally mixed with paraphyses.

The development of a cavity in the perithecium has been
reported for several species of Chretomium. In his study

of Chaetomium globosum Runze, van der Weyen (1954) recorded

a cavity in the peritheci{um which he interpreted as being formed

by the rapid growth of the wall. Oltmsnns (1887), snd Whiteside
(1961) have also described s cavity in this species. Other specles
in which a perithecisl cavity has been reported are Chaetomium
brasiliense Batista end Pontusl (Whitesids, 1961), C. trigonosporum
(Marchal) Chivers (Corlett, 1365), C. funicolum Cooke {Cooke, 1969)
and C. trileterale Chivers (Cooke, 1973). A cavity was also obeerved
in C. erraticum Ames (Cooke, 1963), but the ascogenous hyphse ind
developing asci were described xs pushing up into the centrum tissue
before the cavity was formed.

In his paper on Chaetomium crispatum, Zukal indicated in his

drewings that a cavity wae formed in the perithecium as the psraphyses
grew from the sides and dase into the center, with the ascl growing
upeard in this cavity toward the ostiole (Zukal, Pigures 8 - 11),

But in this present study of C, crispatum, a different centrum
structure is observed. 1t 20pears that the centrum is occupied

by highly wvacuolated cells which are observed to be present in some
perithecia even after the peraphyses have formed, the ascospores

have been produced in the asci, and the speres huve extruded
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through the perithecizl ostiocle (Figure 29). The presence of these
vacuolated cells in the centrum could interfere with the passage
of ascospores. Ouve possible explanstion may be that camals :re
present smong the cells of the centrum through which the ascospores
@™y pass. another explagation mey be that these cells are laosely
axranged and the spores can pass between the cells to the outside.
It appears that eventually these vacuoluted cells of the centrum
disappear, probably breaking down as & vroesult of pressure from the
s3ci and the paraphyses.

The ceuntrum structure makes Chagtomium crispatum distinct
from the other species of Chgetomium which have been studied.
Of the specias thut have been previously investigsted, only
ia G. exraticum (Cooke, 196¢9) hive the centrum cells been recorded
es persistiang for ¢ relstively long period of time, slthough in this
species the perithecial cavity forws before the sscospores are
produced. lu eontrast, ipn Chaetomium crispatum, the centrum cells
are present even after the ascospores are formed, In the closely
ralated gewus Chaetomidium, Whiteeide (1963) reported that C. fimett
&8l30 has & pseudoparaphym:tous 2ppesrance to the centrum, and the
young asci grow up umoag the sterile cells and finally crush them.
This appears to be similar to the centxum of L, crispatum except

that parsphyses are not present in Chaetomidium.

THE ASCOGENOUS HYPHAF

The earlier researchers of Cheetomium did not observe the
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ascogenvus hyphae &und, of course, did not obeerve croziers.

Page (1939) was the first to observe eud record croziers in species

of Chaetomium, but he did not mention in which species they were
present. Since the work of Page, croziers heve been reported

in several 3specics. Observation of an occasional crosier in the
ascogenous hyphee of C, globogum Kunze was reported by van der Weyen
(1954), but Whiteside (1961) observed no crozier formstion for the
ssme species, However, in the same study, Whiteside reported typlcel
croziers for . brasiliense Bastista and Pontual. Sorgel (1961)
indicated that there were no ¢roziers in C. trigonosporum (Marchel)
Chivers. Berkson (1966) observed croziers im C. ceprinum Banier

end C, dolichotrichum Ames but not in C. aureum Chivers and C. murorum
Corda. Brewer and Duncan (1968) reported seeing suggestions

of croziers for G, cochliodes Palliser, out no true crosiers were
obeerved. In their etudy of C, bostrychodes Zopf, Rango Rao and
Mukerji (1968) found no crosiers, but repnrted the ascogenous hyphae
developed directly into asci. Cooke tecognized crosiers im his atudies

of G, funicolum Cooke (Cooke, 1969b), C, erraticum Ames (Cooke, 1969%a),

snd G, trilaterale Chivers (Cooke, 1973).
Iao Chaetomium crispatum Zukal reported that the asci grew

out of the basal part ef the central cone (=centrum), and he made

no mention of croziers. He apparently did not utilize & smear technique.
In the present study, the author, by employing the propiono-

carmine smear procedure, observes abundant croezier formation um the

zgcogenous hyphse of this speciecs.



SUMMARY

Chaetomium crispatum Fuckel forms 2z coiled ascogonium and,

from the basal cells of the ascogonium, specialized hyphae arise
snd ramify over the ascogonium. Septations form im the hyphae

to produce the walls of the perithecium and the hairs which give
this genus its name, The walls are msde up of two layers of cells,
one which has a black pigment, stains dark; and a second layer
which consigsts of larger cells thet absorb less stsin. From this
second layer the paraphyses snd the periphyses arise, the former
developing very early snd aot disintegrating as quickly 2s in other
species. The psraphyses from the base of the perithecium elongate
snd extend up into the centrum, with some nearly reaching the
ostiolar regiom. The asci develop after the appearance of paraphyses
and sre not se long. The inner layer of the centrum appears to be
filled with lsrge vacuolated cells, seme of which msy remain even
after the esci sre mature. The asci arise from croziers formed

on the ascogenous hyphae.

Some of the work of Zuksl (1886) does not agree with this
study. He did not see the ascogonium end the specialized hyphae
which form the walls of the peritheciunm, nor did he observe the
croziers, He did not record observing the large, highly vecuolatea

cells that occupy the centrum, But his illustrations do show the
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paraphyses, both those {n the bassl region snd those en the side
of the perithecium. His illustraticns also show thst the paraphyses
do not bresk down early, but are present even after the csci are
formed. Except for Oltmsnns (1887) and Whiteside (1957), Zukal's
work has been overlocked in the literature on Chsetomium.

The purpose of this study hes been to correct seversl
of Zukal's observations, to clarify other observstions, and
to give attention to the peculisr morphological features

of Chaetomium crispatum. Other species in the group with Chsetomium

crispetum with counterclockvise coiled hairs »nd cylindrical sseci,

sach sa C, perpulchrup Amee, G, tortile Banier, and G. simjle Massc

and Salmon, might be profitably studied to see if their peritheciel

morphology is similar.
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APPENDIX A

COPY OF ZUKAL'S ILLUSTRATIONS OF THE MORPHOLOGY
OF CHAETOMIUM CRISPATUM FUCKEL
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APPENDIX B

EXPLANATION OF PLATES

Ascogenous hyphze,
ascli end croziers,

Ascogenous hyphae.
gaci. X750,

Ascogenous hyphase.
X750,

Ascogenous hyphoe,

forwed asci, X753,

Septeste paraphyses.

Both figures show young
X758,

These figures show young
These figures show croziers.

These figures show aewly

X759,

Cells in the ceantrum drawn from = squszsh mount

of a perithecium,

~ 88 &

X75:,






Figuree 23 - 24
Pigures 25 - 27

Pigure 28

EXPLANATION OF PLATES

Young ascogonia. X750,

Ascogonla, X730,

Section of young perithecium showing the
development of the ascogenous hyphae after
the development of the peraphyses. X260.
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EXVLABATION OF PLATE

Figure 29 Section of msture perithecium showing the
cells in the centrum and the nsci. X216.
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