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I. INTROIUCTION

The purpose of this study was o investigate t+he morphology and the
cytolozy of the ascogenous hyphae of four species in the Ascomycete genus
Chaetomium.

The genus Chagtomium was established by Kunz in i&l7 in a monograph
treating Chaetomium globogum and nine other species (Chivers, 15153). Ac-
cording to Chivers, Kunz described the genus as having perithecia that
were mra.nmeousg, clothed on all sides with opague hairs, and pierced
by an opening at the summit. The spores were described as pellucid and
mingled in a geiatinous mass. 1In his six volume publicatlon issued be-
tween 1237 and 1:54%, Corda improved the original description by the dis-
covery of asci in the centrun of the perithecium (Chivers. 19158). Although
Corda was not aware of the true function of the ascus, he vecognized that
it was in some way responsible for supporting the spores. In 1k49 Fries
(Chivers, 191%) recognized the true nature of the ascus as the contalner
of the spores. In 1381, Zopf comtributed a notable monoyraph with excel-
lent illustrations and clear-sighted descriptions of ten species listed
under two sub-genera: Chagtomium having an ostiolate peritheciwn, and
Chaetomidium with a non-ostiolate perithecium. Chagtomidiun was elevated
to a gemis by Saccardo (1882). Bainier (1510) described a mumber of
Chastomlum species, many of which were reduced to synonyms at later dates.
Bainier accepted Saccardo's treabment of Chaetomidiwr as a gemus.

A. H. Chivers (1915) published an illustrated momomcaph of the genera
Chagtomiun and Ascotricha, recognizing twenty-eight distinct species of
Chaetomium. The form of the perithecial hairs was used as the major sepa-
ration character. 8kolko and Groves (1848) suggested that the shape and

the sige of the perithecia, conspicious characters of the hairs, and the
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shape aud size uf the spores provide a more practical besis ior species
vlagsification. In their monograeph (194&, 1933) fifty~three spaecies of
mium were vecogniwed. In 14961 L. M. Amee recognized eivhty-five

fwp and used such chiaracters as the siiape of the peri-
thecium, the form of the perithecial hairs, the shape of the ascus and
ascospores, for species aseparation.

Moat investizators characterise the genus as having superficial
perithecia that are ostiolate, The wall of the paritheciun is nembran-~
cus and modified hairs are produced from the cells of the wall. The haire
at the top of the perithecium are specisliszed and may be arched, spine-
1ike, coiled, or btranched. The asous i3 gelatinous-wailed and may be
club sheped, linear, or eylindricel., Deliquescence wakes place before
the ascospores are mature and most asei contain eight svoves, but at
The
single celled ascmepores may be light or dark colored and are ugually
iemon ahaped. The ecosomic importance of Chastom

least one specizs containa four

to deteviorate cellulese materials such as military egquipment and clething.
Certain species are thought to be resporwible for plant diseases euch as a
spnt yot of apple. Most species, homever, sre saprophytic. Iasnlates of
the gemis oiten occur on esmples of soil, paper, cloth, dung, and similar
materials.

™e gemus Chaetomium is generally assigned to the Chaetomiaceae, a
family characterized by having non-stramatic pevithecia, noticesble hairs,

and evaneacent asci with umiceilulay asqaespores.

and jophoirichus are three other genera usually placed in this family. The
peritheciun of Chaetomidiwn is wpproximately twice as large as the typical
Chaetamlium perithecium end lacks an ostlole. Ascotricha possesses a
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definite conidial stage that distinguishes it from Chaetonium and
Chaetomidium. Recently., however, Daniels (196l) described an imperfect
stage of Chaetomium pilulifewmm Donfels thet was found to be Botryotrichum
plluliferum. Species of Lophotpichus characteristically possess subwasrged

perithecia with long necks and proninent hairs surreunding: the ostiele.

The family Chaetuwriacease 3is usually placed in the ovder Svhaeriales
of the Pyrenomycete series of the Ascomycetes (Lindau, 15973 Gwynne-
Vaughan, 19223 Miller, 1949 Beasey, 19503 Alexopoulos, 15%82). Hembers
of the Chaetomiarceze generelly possess such characteristics of the order
as ostiolate aseocarpa, paraphyses, periphyses, and a definite hyweniim.
e of the maior departures from this treatment was that of Nannfeldt
(1232) , who places the Chaetomisceae in the Plectascales, an order that
is characterigsed by early deligquescence of the ascus, irregular arrange-
ment of the osci, and ugually eclosed ascocarps. On the hasis of centrum
characteristics Lutrell (1951) nlaces the Chaetomiaceas in his order
Xylariales, an crder similar in concept to the Sphaerialeg. Recently,
Martin (Anes, 19¢1) established the order Chaetomiales for the family
Chaetomiaceae, the order Chaetomiales differing from the Sphaeriales by
its posseasion of evanescent asci. Alexepoules (1962) and Ames (1961)
adhere to Martin's Interpretation.

In most Ascomycetes, except the veasts and a few similar forms, the
asci avise from the ascogennus hyphae. The ascogenous hyphme ave generslly

considered to be ocutgrowths of an ascozonium. In Byr

(Clausaen, 12512), the Discomycete fungue on which discussions of ascogenous
¢ells are often based, the terminal eell of each ascogenous hvpha curves
back upon itgelf to form a binucleate hoskeshaped cell known as a crozier.
The mueclei in the crogier divide simultaneously and eeptations arve laid

down, leaving two of the nuclei at the curve, one nucleus at the tip, and
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the other one in the base celi. The uninucleate tip celi is known as the
ultimate cell, the bimucleate curved celi is the penultimate cell, and
the base cell is called the antepenultimate cell. The two haploid nuclei
in the penu:ltimate cell fuse, and this vell elongates and becomes the
young ascus. The uwltimate and antepenultimate cells fuse and produce a
new prozier, and this process of crogier formation may then be repeated
aany times. The diploid fusion nucleus of the young ascus underyoes three
successive divisions. The first two are meiotic and the third a mitotic
division resulting in eight haploid miclei that mature intoc the ascospores.
Enouszh studies of ascogencus hyphae in various genera of Ascomycetes
nave been made, however, to indicate that variation among geénera, and even
amony species within a genus, exist in the ascogenous cells, In 1937
Andrus ami Harter (Gavmann, 1352) indicated that in certain species of

Ophiogtoma, as 0. Timbriatum (E. & H.) Nannf., the diploid crozier is

represanted by a naked cytoplasaic ball that does not develop directly

into an ascus. The true functional ascus lies within this cytoplasmic ball.
Emnona {1032) ie his morphological study of two species of Thielavia found
asei originating from croziers in one species, Thielavia terricola. and
asel originating from unimicleate cells in the other one, Theilavia

Sgpedoniwn. Seventeen strains of twalve species of Pepieilliiwy and one

related species, Bysgochlasys fulva Oliver & Smith, were studied by Emmons
in 1935, The study revealed twa lines of ascus development. One line was
charactervized by asci borne in chains. Penicillium Wewtmanni Xlocker and
Penicilliwm gpiculisporum Lebmann weve considered to be representatives of
this zeries. The second line of ascus devalopment was represented by

Penicilliun luteun “ukal and Byssochimays Tulva. This series produced asci

fram tvpical croziers and the ascus was borne as a sessile side bud or on

a stalk arising Trom the ascogencus hyphae. Benjamin (1953) gupsorted



Emmons' study of Menicillium. He also reported variation in the ascogenous

paper.
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11. LITERATURE REVIEW

Despite the iarge number of species in the genus Chaetomium and the
fact that most species grow readily in culture and produce mature peri-
thecia rapidly, few studies have been made of the ascagenous hyphae.
Greis (1941} reported information pertaining to the ascogenous hyphae of

Chaetomium globosum and Chaetomium bostrvchodes in his study of the fer-

tilization processes in the genus Chaetomium. Presumably his observations
were all from sectioned material, since he makes no mention of the carmine
smear technique. Greis described the ascogenous cells as binucleate and
he considered the asci to arise without crozier formation. Under certain
conditions, an additional ascus was reported to originate from the base
of the original ascus, likewise, without croziers. Karyogamy was expressed
as taking place in the young ascus.
Van der Weyen's (1954) investigation of the ascogenous hyphae of
Chagtomiun globosum was primarily cytological and he made exiensive use
of the carmine smear method. He explored the ascogenous hyphae of numer-
ous perithecia and reported that the majority of the cells were uninucleate
and a small minority were binucleate. The binucleate ones were frequently
seen as the termminal cell of an ascogenous hypha and interpreted as re-
presenting a young ascus. Van der Weyen described crozier farmation as oc-
curring on occasion and the fusion of the dikaryotic nuclei was reported
as taking place in a bud previously formed on the penultimate cell.
Likewise utilizing the carmine smear method, Whiteside (155%) studied
two species of Chaetomium in his cytomorphological investigation of members
of the family Chaetomiaceae. He reported that the agcogenous cells of

Chaetomium zlobosum appeared predominantly uninueleate in both sectioned
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material and carmine smear preperations. Whiteside chserved no ocroziers

in Chaetomiwnm giobosum, but abundant croziers weve reported for Cheetomium
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IXI. MATERIALS AND METHODA

Four apecies of Chaetomium were studied in this investigation. Two
of them, Chaetomium dolichotvichum Anes (1044.7) and Chaetomium murorun
Corda (10M4.8) , were cbtained from the Mycological Culture Collection of

the University of Illinois, these cultures being originaily provided by
L. M. ames and bearing his culture numbers. The two other species of
Chaetomium were isolated by Dr. Whiteside. An isolate that was obtained
in 1955 from the leaves of Hemerocallis plants growing in the Botany Amex
Greenhouse of the University of Illinois proved to be identical with a
specimen revived from the Mycological Colleetion of tihe University of
Illinois, originally provided by Ames as Chaetomium aureum (1043.8). The
other species was isolated in Coles County in 1961 from a dung semple. It
was identified with the aid of Ames' taxonomic monograph of the Chaetomiaceae
(1961) as Chaetomium caprinum Bainier.

The medium used was sterile oatmeal flakes over which li% agar was
poured, and the inoculated plates were incubated at 28° C. for seven to
ten days. Small blocks of agar containing many mature perithecia were then
cut from the plate and allowed to soak in Carnoy's killing solutien (three
parts of absolute alcohol and one part of glacial acetic acid) for six hours.
The agar blocks were then immersed in propiono-carmine stain for a period of
time ranging from twenty-four hours to seventy-five hours. The propiono-
carmsine stain was prepared by combining 80 e¢c of propiomic acid in a flask
with 110 ce of distilled water and one gram of carmine stain, The solution
was boiled for at least two hours at a congstant temperature.

After #he agar blocks had been soaked in the stain, a few perithecia
were then removed and put into a fresh dvop of stain on a microscopic slide.

The ascogenous cells were dissected from the perithecia and a rusty dlssecting



needle was dabbed into the drop of stain contaiming the agscogenous cells
to intensify the color eof the nuelei. The ascogenous celis were then washed
with fresh stain, carefully spread out, and examined. The better slides
were sealed with ¢ fluid prepared by ceabining, in the order mentioned, one
part 5% glacial acetic acid, one part white Keyo syrup, and one part satu-
rated aqueous suspension of peciin. The sealed slides were then stored at
o 0ool tenperature for further examinatiom.

All of the drawings were made from these slides with the aid of a

camera lucida and their magnifications ave indicated.
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IV. OBSERVATIONS

The cytomorphiology of the ascogencus hyphae of four species of

gatomium were studied. The species were selected on the basis of

their availability and such externsl features as the form of the ter-
minal hairs and the sige of the perithecium.
A. Cheetomiun aureum

ggggtnﬁium_gggggg was selected for study because it has essential-~
ly straight terminal perithecial hairs and a small perithecium measuring
100 to 140 microns in diameter. Under the cultural conditions employed,
perithecia were abundant after an eight day growth period.

The ascogencus cells were small and appeared gremilar when stained
with propiono-carmine. They measured 1 to 3 miorens in width and were
entangled in a gelatinous mass that made the preparation of adequate
slides difficulit. The nuclei were compact and stained a light red, their
size about half the width of the ascogenous cell. The ascus appeared to
originate from an ordinary ascogenous cell and no evidence of crozier
formation was observed. Most cells of the ascogenous hyphae were uni-
nucleate (Plate I), but an ocrasionsl binucleate terminal cell was seen
{Plate I, fig. ¥).

B. Chaetominn murorum

Chaetomiyn murorun was studied because its large merithecia, mea-
suring 240 to 340 microne, are adorned with long slender terminal hairs
with eircinate tips. Perithecial ¢rowth was scattered and not abundant
after an eight day growth peviod.

The ascoyenous cells were large, measuring 3 te % microns in width,
and separated easily. The cells were predominately uninucleate (Plate II)

but 2 few binucleate cells were nbserved (Plate II, figs., 12, 17, and 12).



The muolei were cowpact and stained a light red, their size about one-third

o one-hail the «w'dih of the mavire sscogenous well. Yhe asci avose from
the typical ascoiesncus cell and no evidenoce of croziers was seen.
€. Chaetomium caprinom

Chaetomiua czppinum was seiected for study because of Jts tall vase-
shaped perithecius with spiraliy coiled t&rﬁinal hairs. The baze of the
perithecius measixed 200 to 2%) microns. Perithecia were scattered and
rethey sparse afier an eight day growth period.

The ascosenous qelle were very granular when stained and measured 2
to 4 microns in width, They separated easily, making it possible to pre-
pare excelient slides. The diffuse nuciear materisl stained vividly and
mest nuclel measuved approximately 2 miecrons in diameter. Typival croziers
vere abundantly observed (Plate III) and the asci were sven to originate
from the penuliimate cells of the oroziers. 0Often ihe ultimate and ante-
penuitimate celis fused to form a new crozier (Plate III. fig. 20).

D. Chaetomiun dolichotrichum

dolichoird

Chaetumisn

sresentative af a group of species having dichotomously branched terminal

in was selected for study because it is re~

hajirs. Its peritheecis ave relatively small, measuring 110 to 150 microns

in diameter. Perithenia were sbundant after an eigh? day incubation period.
The ascogenous cells were anmall, measuring one to three microns in

width, and separated easily. The nuciei usuwally stained lighit red and wers

compant, hut in some instances, the nuclear material was diffuse and stained

darier. Croziers were found to be abundant (Plate IV). The asci appeared

to arise from the penuliimate calisz of the abundant eréziera, The wltimste

and penuitimate cells regularly appeared to unite and form now oroziers.
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DISCUSSION AND CONCLUSION

-

The four gpeciss of Chaetoniup that were studied filusipeted two

Lypes of swous development. In Chaetowium aursusn and Chastomium mureminm

the sacus arose Jrom en ascogencas cell and no definiie evidence of

cynziers wag odegeved. On the other hand. In Chaetomlun caprinam and

haetomive dol lehotpichus, crosiers o Y8 ascosenous hvphae werd reris
Lﬁn, ) sy B e

larly o the zseus develoved from the penultimste pell of =
crazier.

Greis (L3741} reported thal the nscogenous cells of Chaetomium zmlohosum
were binucleante. Van der Weven [178%) desoribed the ssoogsnous cells of
Chaetomivm piohos. m a6 moBily uninucleate, although occasionsl bimseleste

cells were sean. Whiteslde [1561) suppovted this psrt of Van der Weven's

chservations on Choetomium globesam. Von dev Weyven regarvded the hinucleate

ceLls as vepresenting young zecl orizinsting feom a crozier. It was White-
aide’s opinion thai this species lacked croziervs aad the binuvcleate cells
meght be voung ascl prior te paclear Yusion or nore probably ascoypenous
ceils in which he Tormation of sspta had not yel coouvrrsd after a maclear
divieion, Similur maclesr zharascteristics Yor Thielsvia Sepedonium Ereons
wepe peported v Brroms (G832).  He also considered that the escl develsped
from the wndnuclsute eelilg, wiiile the binoeleate ones were In a staze prior
to septu formation.  In this oresent study, o sisdler conddslon was obe

sgrved in Chaetondum avreun and Chactomlan muromys. X6 Is e npdnion of

this investiuetor that the ssci of these wo specles of Chasetomiuvm erose

",

T the cndnoplieats ascorenaus omils wnd thet vhe Dlnocleats nells re-
o
present o ¢ell siage prioy o sapoun Tommation.

In whiveside"s (1237} swovrphalociend studies of ¢lw genue Chaetomlum,

Yiga S
<R e oy g o

o R ” O . U I . £ g A voram g oo g e
vhe Tomm of dhe lewvisgl seritheoiz: hales mev nob always
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be an indication of a close relationsehip of species. In partieular, on
the bagis of the ascogonium, nmycelial hairs, and other perithecial chae-
acteristice, he feit that Chastomiwn aurews and Chaetomiwn brasiliense
were very closely related although they had distinctly different terminal
hairs. He found that Chastomiun hrasiliense had crosiers but he did not
study the ascogEnous Iyphae of Chaetomivw aupsum. In this present study
it had been expected that croziers would very prebably occur in Chasetemisun
fixeus. Yince no evidence of crosiers in this species was abserved, per-
haps there is some question of how useful the characteristice of the asco-
genous hyphe® might prove to be in establishing tazonomic relationships in
the genus.

Whiteside's description of the two species of Chagtomium, Chagtomium

brasiijense posscesing definite croziers and Chgetomiuwm globosum devoid of

croziers, pareilels Emnams' investigation of Thislauvia Sepedonium as pro-

dueing uninucleate ascogermmis hyphae lacking croziers and Thielavia
terrigola as producing asei by crozier formation. This present investiga-
tion weporting two Chagtoni

A\ species possessing croziers and two lacking
them further extends Whiteside's findings in the genus Chegtomium. On the
basis of these studfes it is jrobable that in Ascomycetes such species
variation in sscogemous hyphse within « gemus might be expeeted, and this
is an avea of investigation that has besn largely neglected.
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EXPLANATION OF PLATE I

Chaetomiwn aureun Chivers

Uninucleate ascogenous hyphae and young ascd.
X 1753,

Feour uninucleate ascogenous cells in early stages
of asci development. X 1750.

A greup of uninucleate ascogencus cellm and young
asci, The binucleate cell is in a stage prior to
soeptum formation. X 1750.

A cluster of young ascl and ascogenois cells. The
binuecleate ascogenosas cell represents 4 stage prior
to septum formation. X 1750.

A small cluster of voung asci. X 1455.

Uninucleate asci and ascogenous hyphae. Two asco-
cenous celis show ascel buds. X 1750.

A long strand of ascogenous hyphae and asci. X 1750.

A cluster of asci Just prior to reduction division.
X 1750.
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Chaetomium aureum
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EXPLANATION OF PLATE II
Chaetomium murorun Corda

A strand of uninueleate ascogenous cells showing
developing ascus buds. X 1750.

A cluster of unimucleate ascogenous cells and aseol.
X 17590.

A strand of uninuclzate ascogenous cells showing
ascus buds. X 1750,

Twe ascogenous cells. The binucleate vell ig in a
stege prior to septum formation. X 173D,

Uninucleate ascomenous iiyphae showing early stages
of developing ascus bhuds, X 1750.

Uninucleate ascogenous hyphae with developing ascus
buds. X 1750.

Ascogenous hyphae with ascus buds. X 1750.

Migpation of nuclei inte young asci. X 1730.

Unimucleate ascoZenous hyphae and ascei with s bi-
nucleate cell. X 1758.

Three ascogenous celis, one at a stause prior to
septum formation. X 1750.
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Chaetomium murorum



EXPLANATION OF PULATE IIIX

Cheetomium caprinws Bainier

Fig. 1%. A binucleate curved ascogenous cell. This cell
is an early stage in the formation of a crozier.
X 1750.

Fig. 20. A cluster of ascogenous cells showing a well
developed crozier. A young crogier can be seen
developing from the ante-penultimate cell of a
previous crozier. X 1750,

Fig. 2i. A well developed crozier. The two nuclei have
fused in the penultimate cell and the ultimate
and ante-penultimate cells are about to fuse.
X 1750.

Fig. 22. A group of ascl and associsted crozier fomations,
X 1750,

Figs.23-29. Clusters of ascogenous cellg showing asci and
crosier formations in varioue stages of development.
X 1750,



PLATE Il

Chaetomium caprinum
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The binucleate curved cell in figure 30 is an
eav;.y stage in the formation of a erogier.
X 17%0.

Fig. il. A well developed crozier with the twe muclci
in the pemultimate cell and ene mugleus each
in the ultimate and ante-peml.ﬁ-u, eslls.
X 1750,

Figs. 32-34. Clusters of ascogenc.us cells showing asci and
wall defined croziers. X 1750..

Fig. 35. A cluster of ascoegenous cells shewing a young
crosier originating from the am-gaaumw
cell of an earlier crozier. X 17§

Figs. 36-3i. Groups of ascogenous cells showing abundant
crogfera. X 1750.



EXPLANATION OF PLATE IV
Chaetanlum dolichotrighum Ames

Fig. 32.  The bianucleate curved cell in figure 33 is un
garly gtage in the formation of a crozier.
X 17540.

Fig. 3L, A well developed crozier with the twe rmelel
in the penultimate cell and cne nucleus each
in the ultimate and ante-pemiltimate cells.

"X 1750.

Figzs. 32-34. Closters of uscogencas cells showin
wall defined crozieru. X 1750,

o oHEel and

Fig. 35. A ‘lLster of asoogmnmag cells ahowling @ vouwrs
croxier originzting from the ante-penultimats
cell of an earlier crozier. X 1750.

Figs., 36-3:. Groups of ascoyencus cells sihowing abundant
crogiers. X 17503,



PLATEIV

Chaetomium dolichotrichum
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