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Graphium pseudormiticum sp. nov.: a new hyphomycete with

unusual conidiogenesis

M.MOUTON' M.J. WINGFIELD', P.5. VAN WYEK? AND P. W, . VAN WYK’
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A new synnematal hyphomycete was recently isolated fram the bark beetle, Orthotornizus erosas, in the south-western Cape Pravinge
of South Africa, This fungus has all the features characteristic of Graplivm species with darkly pigmented synnemata and single-
eelled conidia produced from annellidic conidiogenous eells. In a detailed study of conidium development using scanning and
bransmission eleciron microscapy, the canidia appear to be produced in chaing and have conspicucus basal frills. The catenulate
arrangement of conidia results from conidia adhering to each other because of basal Fills. These prominent basal Fills apparently

resull from advanced proliferation of the conidiogenaus cells prior to conidial delimitation and secessian,

The anamorph genus Groplinr Corda was established by
Corda (1837) with G, peniillinides Corda as the type species.
Species in this genus are characterized by darkly pigmented,
synnematous conidiophores thal produce single-celled conidia
from  annellidic  conidiogenous cells  (Upadhyay, 1981;
Wingheld, Kendrick & Van Wyk, 1991), Graphium species are
known as anamorphs of Ophisstoms H. & P Sydow and ather
ascomyceltes in the Microaseales and Sphaeriales (Seifert &
Okadda, 1993). The ophiostomatoid fungi are well recognized

for their symbiotic relationship with insects such as bark '

beetles (Bakshi, 1950; Whitney, 1971; Safranyik, Shrimplon &
Whitney, 1975; Goheen & Cobb, 1978), and many of them
cause sap-stain in timber (Leach, Orr & Christensen, 1934,
Bakshi, 19510

Recently, Wingfield ef ol (1991) altered the generic concepl
of Graphinm to include all species formerly assigned to
Pesobium ), Lo Crane & Schokn, and Phinlographivn H, P.
Upadhyay & W. B, Kendr, This study was based on mode of
conidium development and Graplunm was emended to include
all darkly pigmented, synnematous species with annellidic,
phialidic and apparent sympodial conidium development
(Wingfield ef al, 1991} Mouton, Wingheld & Van Wyk
(1993) then examined additional species in this group and,
with Further ultrastructural evidence, confirmed the synonymy
of Pesobun and Phialographiver with Graphinm, Many of these
Graphfim anamorphs are also characterized by synanamorphic
states, of which Sporathrix Hektoen & Pecking is most common
{De Haog, 1974),

An unusual and apparently new synnematal hyphomycete
has been isolated in the south-western Cape Province of South
Africa (Wingfield, Van Wyk & Marasas, 1988), The fungus is
associated with the bark beetle, Oriliotomicis eross (Waollastan)

which infests Prous spp. (Tribe, 1990), The insecl was
accidentally introduced into southern Africa from Burope,

Light microscopy showed that the conidia of the fungus
were apparently produced from annellidic conidiogenous cells
accumulating in gloeid masses at the apices of darkly
pigmented, syrmematal conidiophores,  characteristic  of
Grrplian. An unusual feature of this fungus was that conidia
wereapparently preduced in chains and had conspicuous basal
frills. The aim of this study was to deseribe this species of
Gratphinm. A detailed examination of conidium development
was also undertaken Lo charpcterize the unusual conidia in this
fungus,

MATERIALS AND METHODS

Cultures of the Graphinni sp, originated from routine isolations
from adult (. erosus. These insects were brapped in the south-
weskern Cape Province of South Alfrica using bait logs as
described by Tribe (1290), lnsects were squashed onto the
surface of 2% malt extract agar (MEA} and resulting isolates
transferred to new MEA plates.

Material for scanning electron microscopy (SEM) was cut
from agar into blacks (5 mm®), fixed with 3% glutaraldehyde
followed by 1% osmium tétroxide, buffered by a phosphate
buffer (pH = 7} and dehydrated in a graded acetone series (50,
70, 95, 100%). Specimens were then critical point dried
(Cohen, 1970), mounted on stubs, coated with gold /palladium
and viewed with a J5M 6400 scanning electron microscope.

Specimens for transmission electron microscopy (TEM)
were fixed and dehydrated in 2 similar manner as those for
SEM. Material was then embedded in epoxy resin (Spurr
1969, ultrathin sections (60 nm) were made and stained in
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urany| acetate (25 min) followed by lead cilrate (10 min]t

{Reynolds, 1963) and wviewed with a Fhilips EM 300
transmission electron microscope,

Growth of the apparently new Graphinm sp. was tested at
different lemperatures. This was done by incculating the
fungus onta 2% MEA in Petri dishes and incubating them at
10, 15, 20, 25, 30 and 35 °C, respectively, Growth of colonies
was measured after 8 d by taking the average of two colony
diam. measurements for each plate. Three Petri dishes were
used at each temperature and the experiment was conducted
in the dark and repeated once. The average colony diam. from
the two experiments was then caleulated,

Tolerance of species in Ceratocystis s.1. to cyeloheximide has
been an impartant characteristic in the taxonomy of this
group of fungi (Harrington, 1981; De Hoog & Scheffer, 1984).
Cycloheximide tolerance of the Graphium sp. was, therefore,
tested. The fungus was inoculated onto MEA amended with
0. 005, 01, -5, 1-0, 2'5 and 50 g cycloheximide 17, Growth
of colonies was also calculated after 8 d and the experiment
was conducted at 25% in the dark. Each concentration of the
antibiotic was represented by three Petri dishes, the experiment
repeated and average colony diam. caleulated.

RESULTS

Grapliim appears to be the most appropriate disposition for
the synnematal hyphomycete from O, erasus. This fungus also
appears to be unlike any other known species of Graphium and
we, therefore, provide the following diagnosis for it,

Graphium pseudormiticum M. Mouton & M. J. Wingfield
5P o,

Etym.: derived from Greek word meaning capable of or
possessing false chains

Calonitre in MEA ad 257 attingentes digmelrum 12:5 rom post 8 dies,
crescunt optime ad 307, diametrum 162 mm post & dies, cyclo-
heximide nen tolerant, incoloratae olivaceo-viridescentes versus
medictatem, Myceliion sparsum aerium, hyphae summersae hyalinae,
regulatim septatae, parce ramosae et glabro-tunicatae. Conidiaphara
orientia singulation vel apgregata, macronemata, synnemata, 113-263
(183) pm % 5-20 {113} pm ad mediam partem, septata, fusca ad
basim pallescentia versus hyalinum apicem, 5-2 bene evoluta
rhizoidea ad basim (Figs 1, 2, 4). Cellwlae conidiogenae annellatae,
hyalinae, 11-24 116} pme (Figs 3, 31 Conidin unicellularia, hyalina,
glabro-tunicata, cylindrica, 4-7-5 (#3) pm * T'5-2'5 {2:2) pm, sub-
rotunda ad apicem fimbriis basilaribus prominentibus (Figs 3. 6, 7).
Comdiophora mononemata; bypt Sperotheids (= Sporotheiz) conidiis
wnicellularibus natis sympedice in corbis denbiculis  aliquande
praesentibus (Fig, 8).

Colinfes on MEA at 257 attaining a diam. of 12-5 mm after 8 d,
grow optimally at 30° with a diam. of 18:2 mm after & d, are
not tolerant to cycloheximide, colourless becoming oliva-
cecus-green towards the middle. Sparse aerial mycelium,
submerged hyphae hyaline, regularly septate. sparingly
branched and smooth walled. Conidiophores arising singly or in
groups, macronematous, synnematous, 113—263 (183) pm =
5-20 (11-3) pm in the centre, septate, dark-brown at the base
becoming lighter towards the hyaline apex, 5-9 well-
developed rhizoids at the base (Figs 1, 2, 4). Conidiogenous colls
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annellated, hyaline, 11-24 (18} um (Figs 3, 5). Conidia one-
celled, hyaline, smooth-walled, cylindrical, =75 (6°2) pm %
[:5-2:5 {2-2) pm, slightly rounded at the apex with prominent
basal frills (Figs 3. 6, 7). Conidiophores of Sporothriv-type
monenematous, with single-celled conidia produced sympo-
dially on short denticles occasionally present (Fig. 8},

Specimens examined: solated from adult Orthotomicis ercsus,
which were trapped using bait logs in the south-western Cape
Province, South Africa, September 1984, M.]. Wingfield,
PREM 51535 HOLOTYPE,

Scanning electron micrographs showed the aceumulation of
annellations towards the apices of conidiogenous cells (Figs 4,
5). This fungus is, however, unusual in producing conidia in
chains {Fig. &), These conidia have conspicuous basal frills
iFigs &, 7} which result in chains where the cupulate bases
adhere to apices of successive conidia (Fig. 6). Transmission
electron microscopy showed sections through the annellated
conidiogenous cells with the catenulate; Frilled conidia still
hanging along the sides of the conidiogenous cells, indicating
incomplete dehiscence of the conidia (Figs 9, 10), Scanning
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Figs 1-3. Conidiophores, conidingenous cells and conidia of G.
peendormiticins. Figs 1 & 2. Synnematous conidiophore, capped by
a slimy head of conidia (bar, 50 pm). Fig. 3. Conidiogenous cells
producing chains of conidia characterized by prominent basal frills
(bar, 10 pm).
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Fii':"-" A4=10. SEM and TEM of conidia and c |-.||.||-|!;|-| wouis cells of G pseedoeribicig Fig. 4. SEM ol the apex pf the synnematows
confdiophoere showing anpellated conidiogenous cells (bar, 10 pmi, Fig. 5. Scanming electron micragraph showing the accumulation of
annellations towards apices ol conidiogenous cells (bar, 10 pm). Fig. 6. Conidia characterized by conspieuows basal Fills and produced in

-

chains farrowws) (bar, 18 pm) Fig. 7. Section I-I”'-"'-‘H:" a canidium 'L"-'<."|I|ilu_:_ the praminen! basal frill (bar, 1 pm). Fi.g. 8. 5EM of the

Sporathric synanamorph of G psendsriticn (bae, 1 pmd. Fig, 9. TEM of a section through a conidiogenous cell indicating incomplete
dehiscence of conidia {bar, 1 pm) Fig. 10, Transmission cleclion micn |;-‘_|.||'|| shovwing an |:l'l.'l.'||.'|;1|'i:|..: ob shages of debunitabion, secession

and |l|u|i!|,'|.|li-.:|| {bar, 1 )
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Fig. 11. Schematic representation of conidium development in G. prendprmiticmn, Fig, 1TA. B, Conidium development in
. pacwdasiticanm 1% characterized by advanced proliferation that overlaps the stages of conidial delimitation and secession

electron micrographs alse showed the presence of mycelial,
mononematous conidiophores, producing conidia sympodially
on apparent short denticles bypical of Sporothnx (Fig. 8.

DISCUSSION

G.. psevdormuticum can be readily recognized as a species of
Graphium by its darkly pigmented conidiophore. annellidic
conidiogenous cells and single-celled, hyaline conidia. This
fungus bears some resemblance to G, penicillioides although
these species can easily be distinguished. Other than the
absence of chains, G. penicillioides also has conidia that are
distinctly curved (Corda, 1837). The latter species also
originates from hardwood trees in Europe, a substratum
substantially different from the conifer/bark beetle niche
- associated with G. psendormiticum,

The type material of G. penicillioides (Herb, IMI 153518)
available to us for comparison was in a poor condition and
included only conidia, These conidia were curved and
conformed well with those described by Corda (1837) and
were very different from those of G. pseudermiticum. Clearly,
the typification of Graphinm requires attention but this must
await rollections of similar fungi from Czechoslovakia where
G. penicillioides was originally collected (Corda, 1837; Seifert
& Ckada, 1993),

The presence of a Sparothrix synanamorph in G, pseudor-
miticum is not unusual for this group of fungi. Indeed many
species of Graphim have a Sporothriz state (De Hoog, 1974;
Upadhyay, 1981). The synanamorph of G. psendormiticum is,
however, uncommon and usually only seen using scanning
electron microscopy.

Graghiwm psenadormiticom has a unique mode of conidium
development as can be deduced from the conspicuous basal
frills of the conidia. The mode of conidium development can
be summarized as enteroblastic proliferation and holoblastic
ontogeny, delimitalion and secession seasn Minter, Kirk &
Sutton (1982), The successive proliferation stage. however,
overlaps the previous delimitation and secession stages {Fig.
11 A, B), resulting in the prominent basal frills of the conidia.
These basal frills lead to the adherence of conidia to each other
giving rise to what Minter ef al. (1982, 1983) refer to as 'false
chains".

The sensitivity of G. psendormiticiom to low concentrations
of cycloheximide was of interest. Ophiostoma spp. with
Graphiim anamorphs can tolerate high concentrations of the
ankibiotic (Harrington, 1981; De Hoog & Scheffer, 1984). The
results of this study might therefore, imply that G.
pseudormiticion is an anamorph of a teleomorph genus other
than Ophiastoma,

We thank Professor . P. van der Walt for suggesting a name
for this new species, and are grateful to Drs Keith Seifert and
David Minter for advice concerning its identification, We also
thank the Foundation of Research Development for financial
suppart.
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