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Abstract
Ophiostomatoid fungi, a well-known tree-associated group, include some of the most important forest pathogens globally.
Several ophiostomatoid species were reported already from Rapanea melanophloeos of the Afromontane forests from the
Cape Floristic Region (CFR) of South Africa. The aim of this study was to investigate the diversity of ophiostomatoid fungi
associatedwith wounds on other Afromontane forest tree species in the CFR. Storm-damaged trees were surveyed and fungi were
isolated from bark and wood samples. Two undescribed ophiostomatoid species were identified based on micro-morphological
characters and phylogenetic analyses. They are newly described here asGraphilbum roseum and Sporothrix oleae. A third taxon
in the genus Graphium may also represent an undescribed species, but additional data is required to support this hypothesis.
Sporothrix oleae, a species that groups within the S. candida species complex, was associated with Olea capensis. Graphilbum
roseum was isolated from several host tree species including Curtisia dentata, Halleria lucida and Pterocelastrus tricuspidatus,
while the Graphium sp. was isolated from Ilex mitis.
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Introduction

The Cape Floristic Region (CFR), an internationally
recognised biodiversity hotspot at the southern tip of South

Africa (Myers et al. 2000), is characterised by high levels of
plant gamma diversity and endemism (Goldblatt andManning
2000). Even though taxa such as plants, birds and mammals
have been well-documented in the CFR (Brooks et al. 2001;
Kerley et al. 2003; Stattersfield et al. 1998), few studies have
focussed on the diversity of less conspicuous groups such as
fungi (Crous et al. 2006). Based on previous research, for
example Kamgan Nkuekam et al. (2008) and Musvuugwa
et al. (2015, 2016a), a large proportion of these fungal taxa
may be associated with trees in Afromontane forests, an im-
portant component of CFR vegetation (Goldblatt and
Manning 2002; Mucina and Rutherford 2006).

Afromontane forests are evergreen and dominated by im-
portant canopy trees including assegaaihout (Curtisia dentata
(Burm.f.) C.A.Sm.), various yellowwoods (Podocarpus spp.
and Afrocarpus falcatus (Thunb.) C.N. Page), ironwood (Olea
capensis L. ssp.macrocarpa (C.H. Wright) I. Verd.) and Cape
beech (Rapanea melanophloeos (L.)Mez.) (VanWyk and Van
Wyk 1997). The largest continuous Afromontane forests are
found in the Tsitsikamma area. Further westward, they occur
in small, fragmented patches on mountains, foothills, coastal
platforms, river valleys and dunes along the coastal regions of
Western Cape Province, South Africa (Lubke and McKenzie
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1996; Geldenhuys 2010). These forests are of ecological, eco-
nomic and cultural importance. Tree species, such as Ocotea
bullata (Burch.) Baill., Olinia ventosa (L.) Cufod. and
Podocarpus spp., are economically important for timber used
in carpentry (Turpie et al. 2003). Others are used for medicinal
purposes. The bark of R. melanophloeos, C. dentata and
O. bullata, for example, is used by local people for the treat-
ment of various ailments (Vermeulen et al. 2012).

The ophiostomatoid fungi (Wingfield et al. 1993) represent
one of the best-studied tree-associated fungal groups. This
polyphyletic group (De Beer et al. 2013a) includes numerous
tree pathogenic fungi globally (Heath et al. 2009; Kamgan
Nkuekam et al. 2012; Roux and Wingfield 2013; Wingfield
et al. 1993). The ophiostomatoid fungi are grouped into two
orders, the Microascales (Ceratocystis Ellis & Halst.,
Knoxdaviesia M.J. Wingf., P.S. van Wyk & Marasas and
Graphium Corda) and the Ophiostomatales (Raffaelea Arx
& Hennebert, Ceratocystiopsis H.P. Upadhyay & W.B.
Kendr., Graphilbum H.P. Upadhyay & W.B. Kendr.,
Ophiostoma Syd., Sporothrix Hektoen & C.F. Perkins and
Leptographium Lagerb. & Melin (De Beer et al. 2013b,
2016)). Some well-documented examples of pathogenic
ophiostomatoid fungi include the Ceratocystis fimbriata spe-
cies complex responsible for serious diseases of various eco-
nomically important trees like mango, coffee, Acacia Mill.
and Eucalyptus L’Hér. (Fourie et al. 2015; Oliveira et al.
2015); C. platani (Walter) Engelbr. & T.C. Harr. causing can-
ker stain disease of plane trees (Tsopelas et al. 2017);
C. fagacearum (Bretz) Hunt responsible for oak wilt disease
(Juzwik et al. 2008); Ophiostoma ulmi (Buisman) Nannf. and
O. novo-ulmi Brasier, the causal agents of Dutch elm disease
in Europe and America (Brasier and Buck 2001; Pipe et al.
2000); Raffaelea lauricola T.C. Harr., Fraedrich & Aghayeva,
responsible for the Laurel wilt disease in the southeastern US
(Harrington et al. 2008); and R. quercivora Kubono et Shin.
Ito causing oak dieback and mortality of Japanese oak trees
(Kubono and Ito 2002).

Most research published on ophiostomatoid fungi in South
Africa focussed on members associated with exotic plantation
trees (De Beer et al. 2003a; Kamgan Nkuekam et al. 2012,
2013; Zhou et al. 2006) and a few of these have proven to be
pathogenic on their hosts. For example, Ceratocystis
albifundus M.J. Wingf., De Beer & M.J. Morris, which is
responsible for wattle wilt disease in Acacia mearnsii De
Wild., has led to significant economic losses in South
African plantations (Roux and Wingfield 2013). Several other
Ceratocystis species with varying levels of pathogenicity have
been reported on Eucalyptus (Kamgan Nkuekam et al. 2013).
Other species of ophiostomatoid fungi were collected from
tree wounds on native trees in Afromontane forests caused
by weather or animal or human activities. Documented exam-
ples in the Microascales include C. albifundus and
C. savannae Kamgan Nkuekam & Jol. Roux that are

associated with several native hosts (Roux and Wingfield
2013), C. tsitsikammensis Kamgan & Jol. Roux from
Ocotea bullata and Rapanea melanophloeos (Kamgan
Nkuekam et al. 2008), and Graphium adansoniae
Cruywagen, Z.W. de Beer & Jol. Roux from baobabs
(Cruywagen et al. 2010). Taxa in the Ophiostomatales known
from wounds on trees in this region include Ophiostoma
quercus (Georgev.) Nannf. (De Beer et al. 2003b; Kamgan
Nkuekam et al. 2008), Sporothrix stenoceras (Robak)
Nannf., S. itsvo Musvuugwa, L.L. Dreyer & F. Roets,
S. noisomeae Musvuugwa, L.L. Dreyer & F. Roets, S. uta
Musvuugwa, L.L. Dreyer & F. Roets, and S. rapaneae
Musvuugwa, Z.W. de Beer, L.L. Dreyer & F. Roets from
R. melanophloeos trees (Musvuugwa et al. 2016a),
Ophiostoma palustre J.A Osorio, Z.W. de Beer & Jol. Roux
from native mangroves (Osorio et al. 2016), O. thermarum
J.A. van der Linde, Z.W. de Beer & Jol. Roux and
Aureovirgo volantis J.A. van der Linde, Z.W. de Beer & Jol.
Roux on Euphorbia ingens (Van der Linde et al. 2016). In
addition, at least one currently undescribed ophiostomatoid
species is known from tree wounds in CFR forests
(Musvuugwa et al. 2016b). A few taxa are known from sub-
cortical beetles infesting native tree species in the
Afromontane forests. These include Sporothrix aemulophila
Musvuugwa, Z.W. de Beer, L.L. Dreyer & F. Roets and
Raffaelea rapaneae Musvuugwa, Z.W. de Beer, L.L. Dreyer
& F. Roets from R. melanophloeos, S. pallida (Tubaki)
Matsush. and R. vaginata T. Musvuugwa, Z.W. de Beer,
L.L. Dreyer & F. Roets from O. capensis ssp. macrocarpa
(Musvuugwa et al. 2015).

Very little is known about ophiostomatoid fungus–
associating forest trees other than R. melanophloeos
(Musvuugwa et al. 2016a). During surveys of fungi associated
with wounds on other forest trees (Musvuugwa 2014;
Musvuugwa et al. 2016b), three possibly new and undescribed
ophiostomatoid taxawere collected. The present study sets out
to evaluate the identity of these taxa based on morphological
and molecular phylogenetic comparisons.

Materials and methods

Sampling of plant material and fungal isolation

Sampling was conducted in various native forests of the CFR,
including Groenkop Forest Reserve (S 33° 56′ 32 ″, E 22° 32′
50″), Gouldveld (S 33° 54′ 44″, E 23° 0′ 10″), Gouna (S 33°
57′ 3″, E 23° 2′ 10″) and Assegaaibosch (S 33° 58′ 23″, E 18°
56′ 11″) between 2010 and 2012. Bark and wood samples
were collected fromwounds on various storm-damaged native
trees following the methods described in Musvuugwa et al.
(2016a, b). In total, 56 bark and wood samples were collected
from 56 tree individuals. Samples were typically associated
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with wounds. Samples were stored in separate sampling bags
and transferred to the laboratory where they were examined
for ophiostomatoid fungi using a Leica EZ4 microscope
(Wetzlar, Germany).

Where ophiostomatoid-like fungi were present, a sterile
needle was used to collect and transfer spores from the tips
of sporulating structures to 2% malt extract agar (MEA,
Biolab, Midrand, South Africa). Cultures producing conidia
in sticky droplets on upright stipes and/or ascospores in sticky
droplets on ascomata with elongated necks were investigated.
Brown or black discolouration of wood was sampled by re-
moving small pieces of wood tissues with a sterile scalpel
from the leading edge of the stain and placed on MEA.
Primary isolation plates were incubated in the dark at room
temperature and examined daily for fungal growth. Colonies
that produced structures that resembled anamorphic character-
istics of ophiostomatoid fungi were purified by a single hyphal
tip from the edges of actively growing colonies to fresh MEA
plates. Purified cultures were maintained on Petri dishes at 4
°C for further use. Representatives of pure cultures of
morphotypes collected in this study were preserved in the
culture collection (CMW) of the Forestry and Agricultural
Biotechnology Institute (FABI) at the University of Pretoria,
South Africa, and in the culture collection (CBS) of the
Westerdijk Fungal Biodiversity Institute, Utrecht,
Netherlands. Herbarium-type specimens of the new species
were deposited in the National Collection of Fungi (PREM),
Roodeplaat, South Africa.

Morphological characterisation

Where available, perithecia and ascospores of ophiostomatoid
fungi were collected from plant material and mounted in 85%
lactic acid for observation. Perithecia, conidia and conidio-
phores that formed in culture were treated similarly and all
structures were studied using the Leica EZ4, Nikon SMZ18
or Nikon Eclipse Nimicroscopes. Photographs ofmicroscopic
structures were taken with a Nikon digital camera (DS-Ri2,
Nikon, Tokyo, Japan). Twenty-five measurements of all mor-
phologically and taxonomically informative structures were
made for representative isolates including those chosen as
ex-type strains of the undescribed taxa. The maximum and
minimum measurements for each taxonomically informative
structure were noted. Rayner’s colour chart (1970) was used
for the description of colony characteristics.

DNA extraction, amplification and sequencing

Fungal cultures resembling ophiostomatoid fungi were
grouped into morphotypes based on micro-morphological
and colony characteristics. At least three isolates representing
each morphotype were randomly chosen for DNA sequencing
(Table 1). A sterile scalpel was used to harvest fungal

mycelium from the edges of actively growing pure cultures
onMEA. Following the manufacturer’s instructions, a Sigma-
Aldrich™ plant extraction kit (USA) was used for the extrac-
tion of genomic DNA. To amplify the internal transcribed
spacer and 5.8S gene regions (ITS), the primers ITS1F
(Gardes and Bruns 1993) and ITS4 (White et al. 1990) were
used. Preliminary phylogenetic placements were based on ITS
sequence data and additional gene regions required for more
accurate identifications were selected according to these pre-
liminary analyses and following De Beer et al. (2013a, b).

A fragment of the Beta-tubulin (TUB) gene was amplified
with primers Bt2a and Bt2b (Glass and Donaldson 1995) for
selected isolates (Table 1). Part of the transcription elongation
factor-1α (TEF) gene was amplified using primers EF1-F and
EF2-R (Jacobs et al. 2004). Choice of particular markers used
for phylogenetic analyses was based on availability of se-
quences for comparisons of the different taxa in GenBank
and on the most informative markers for those particular taxa
based on previous studies (De Beer et al. 2016; Lynch et al.
2016; Reid and Hausner 2015). PCR conditions were as de-
scribed by Musvuugwa et al. (2015). PCR reactions were
conducted using a Gene AmpR PCR system 2700 thermal
cycler (Applied Biosystems, Foster City, USA).

All PCR products were amplified, separated using agarose
gel electrophoresis stained with GelRed (Biotium Inc., CA,
USA) and visualised under ultraviolet light. Following the
manufacturer’s instructions, all amplified PCR products were
cleaned using the EXOSAP-IT kit (USB Corporation,
Cleveland, OH, USA). Purified fragments were sequenced
using the respective PCR primers and a Big Dye™
Terminator v3.0 cycle sequencing premix kit (Applied
Biosystems, Foster City, CA, USA) and analysed on an ABI
PRISM™ 3100 Genetic Analyser (Applied Biosystems,
Foster City, CA, USA). Sequencing conditions followed those
used byMusvuugwa et al. (2015) and both DNA strands were
sequenced using the same primers used for PCR amplifica-
tion. Consensus sequences were constructed from the resul-
tant sequences using the CLC Genomics Workbench software
package (CLCBio, Aarhus, Denmark). Sequences generated
in this study were deposited in NCBI GenBank (http://www.
ncbi.nlm.nih.gov) (Table 1).

Phylogenetic analyses

Using ITS sequences, BLASTalgorithm (Altschul et al. 1990)
searches were conducted on the GenBank sequence database
in order to preliminarily identify the fungal isolates.
Sequences of taxa that were closely related to isolates collect-
ed in this study (Table 1) were downloaded from GenBank
and aligned with sequences generated in this study for each
dataset using MAFFT 6 (Katoh and Toh 2008). Datasets were
analysed using Bayesian inference (BI) with MrBayes 3.2
(Ronquist et al. 2012) and maximum likelihood (ML)
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methods (RAxML 8.2.10 (Stamatakis 2014) on CIPRES
Science Gateway (Miller et al. 2010; https://www.phylo.org/
portal2)). A mixed model was used in MrBayes analyses to
average models in the GTR family, including a Γ correction.
Two independent Markov chains were run simultaneously for
10 million generations starting from a random tree. A sample
frequency of 2000 was implemented, and the first 2.5 million
generations discarded as burnin. The remaining trees were
pooled into a 50% majority rule consensus tree. Default
settings and the default model (GTR+Γ) were used for all
RAxML analyses, and confidence support values for nodes
were estimated using 1000 bootstrap replicates.

Growth in culture

The temperature for optimal growth of selected cultures of
putative new taxa was determined by transferring mycelium-
covered disks of agar (5 mm diam.) from the edges of actively
growing, 1-week-old cultures to the centres of 90-mm fresh
Petri dishes containing 20 mL 2% MEA. These plates were
incubated in the dark at a range of different temperatures (from
5 to 35 °C at intervals of 5 °C) for 10 days. The experiment
was replicated five times, each replicate using a different
strain. After the 10-day incubation period, colony diameters
at the optimal growth temperature were determined by calcu-
lating the average of two perpendicular measurements per
colony and then calculating the mean per taxon.

Results

Fungal isolates and phylogenetic analyses

In total, 21 ophiostomatoid fungi were isolated and identified
as species in the genus Sporothrix (7 isolates) collected from
Olea capensis ssp. macrocarpa trees in Gouldveld,
Graphilbum (8 isolates) collected from Curtisia dentata,
Halleria lucida L., Pterocelastrus tricuspidatus ,
Trichocladus crinitus (Thunb.) Pers. and O. capensis ssp.
macrocarpa from the Groenkop and Gouna forests and six
Graphium (6 isolates) from Ilex mitis (L.) Radlk. in
Assegaaibosch (Table 1). Generic placement of these isolates
was confirmed by ITS data.

The phylogenetic placement of the Graphilbum was
assessed using only ITS data because no other loci have yet
been provided for Graphilbum species (Reid and Hausner
2015) (Fig. 1). Placement of the Sporothrix taxon was first
investigated using not only ITS data (Supplementary table 1,
Supplementary figure 1) but also TUB data, as it is not possi-
ble to distinguish between closely related members in this
clade based only on ITS data (De Beer et al. 2016) (Fig. 2).
Placement of the Graphium taxon was assessed using ITS

(Supplementary table 2, Supplementary figure 2) and TEF
(Fig. 3) data following Lynch et al. (2016).

Based on ITS data, isolates of theGraphilbum grouped as a
distinct taxon (Fig. 1) were sisters to an unnamedGraphilbum
species previously collected from Pinus radiata D. Don in
Australia (Thwaites et al. 2005). The Sporothrix isolates re-
solved within the S. candida species complex with strong
support when both ITS (Supplementary material 1) and TUB
data (Fig. 2) were analysed individually. Based on the TUB
dataset, isolates of this taxon formed a monophyletic clade,
but resolution for taxa in the S. candida species complex re-
mains poor (Fig. 2). Isolates of the Graphium taxon were
grouped in a clade containing G. basitruncatum (Matsush.)
Seifert & G. Okada, G. carbonarium Paciura, Z.W. de Beer,
X.D. Zhou & M.J. Wingf., G. euwallaceae Twizeyim., S.C.
Lynch & Eskalen,G. jumulu P.A. Barber & Crous and various
undescribed taxa based on ITS (Supplementary material 2)
and TEF sequences (Fig. 3). For ITS, rooting of the tree con-
taining Graphilbum following de Beer et al. (2016) and
Ophiostoma piliferum (Fr.) Syd. & P. Syd. was used as the
outgroup, and the Sporothrix ITS dataset was rooted using
Graphilbum rectangulosporium (Ohtaka, Masuya &
Yamaoka) Z.W. de Beer & M.J. Wingf. Graphilbum fragrans
(Math.-Käärik) Z.W. de Beer, Seifert & M.J. Wingf. was used
as outgroup for the Sporothrix TUB dataset. The Graphium
ITS dataset was rooted using Scedosporium and
Parascedosporium as outgroups following Lackner and De
Hoog (2011). For the more limited Graphium TEF dataset,
the tree was rooted as to be maximally consistent with the
ITS tree and was rooted using Graphium penicillioides
Corda as outgroup. Alignments used for all phylogenetic anal-
yses are provided as supplementary texts 1–5 in FASTA for-
mat as follows: Supplementary text 1 (Graphilbum ITS),
Supplementary text 2 (Sporothrix TUB), Supplementary text
3 (Graphium TEF), Supplementary text 4 (Sporothrix ITS),
Supplementary text 5 (Graphium ITS).

Taxonomy

The Sporothrix and Graphilbum taxa were recognised as new
species based on a combination of evidence from phylogenet-
ic analyses and micro-morphological characteristics. These
are described below. A detailed morphological description of
the Graphium taxon isolated in the present study is also pro-
vided to aid future comparative studies. This taxon may also
represent an undescribed species, but currently there is insuf-
ficient morphological and molecular data to support this hy-
pothesis.

Sporothrix oleaeMusvuugwa, L.L. Dreyer & F. Roets, sp.
nov. Fig. 4a–f. Mycobank MB 822536

Mycol Progress (2020) 19:81–95 87

https://www.phylo.org/portal2
https://www.phylo.org/portal2
http://en.wikipedia.org/wiki/Thunb
http://en.wikipedia.org/wiki/Pers


Etymology: The epithet oleae refers to the genus name of
the host (Olea capensis ssp. macrocarpa).

Ascomata embedded in or superficial on host substrate el-
lipsoidal to subglobose, black, covered with pigmented hy-
phae in culture, 90–150 μm diam. (150–240 μm diam. in
culture); necks black, upright, 320–580 μm long (up to
1.6 mm long in culture), 17–32 μm wide at the base, 4–8
μmwide at the apex; ostiolar hyphae divergent, hyaline, often
septate, straight, tapering towards the apex, 15–43 μm long.
Asci not observed. Ascospores kidney-shaped to almost trian-
gular, in side view with pointed ends, aseptate, hyaline,
sheaths not observed, 2.5–4.5 × 1.5–2 μm (avg. 3.4 × 1.8
μm), accumulating in transparent sticky droplets at the tips
of necks, milky white when masses are dry. Conidiophores
in culture one-celled or occasionally branched and bearing
several conidiogenous cells, either borne on vegetative hy-
phae or on upright hyphae. Conidiogenous cells blastic, cylin-
drical, tapering towards the apex, denticulate, distally often
with inflated clusters of denticles, 15–25 μm long, 1–2 μm
wide near the base. Conidia hyaline, aseptate, ellipsoidal with

a pointed base, 3–5.5 × 2–3 μm (avg. 4.2 × 2.5 μm). Colonies
pale yellow (19”f), fluffy towards the centre, circular with
entire edge, odourless. Colony diameter reaching 42 mm after
10 days on 2%MEA at the optimal growth temperature of 25
°C. No growth below 10 °C or above 35 °C.

Holotype: South Africa, Western Cape Province,
Gouldveld, dried culture on MEA originating from Olea
capensis ssp. macrocarpa wound on tree trunk covered with
ascomata, October 2011, T. Musvuugwa (PREM 61674); cul-
ture ex-holotype CMW 40362 = CBS 142082. Same location,
dried culture on MEA originating from damaged tree trunk of
different tree individual of same species, PREM 61672
(paratype); culture ex-paratype CMW 40360 = CBS
142026. PREM 61673 (paratype); culture ex-paratype
CMW 40361 = CBS 142027.

Notes: Sporothrix oleae grouped with S. aemulophila,
S. cabralii, S. candida, S. itsvo and S. rapaneae within the
S. candida species complex, all of which produce a sexual
state except for S. cabralii. These species share some common
features such as the optimal growth temperature (25–30 °C)

Fig. 1 Bayesian Inference consensus tree based on ITS sequence data for
species of Graphilbum. Values above nodes indicate posterior
probabilities obtained through Bayesian inference. Values below nodes

indicate bootstrap values (1000 replicates) obtained from maximum
likelihood analysis. The scale bar is in substitutions per site
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and the presence of ostiolar hyphae. Among these closely
related species, S. oleae can be easily distinguished from the
rest by its nearly triangular ascospores. Even though asco-
spores of S. itsvo and S. candida were described in their orig-
inal descriptions as reniform and kidney-shaped, respectively,
judging from the images provided, their ascospores are rather
allantoid to curved oblong (Kamgan Nkuekam et al. 2012;
Musvuugwa et al. 2016a). Ascospore dimensions separate
S. oleae (2.5–4.5 × 1.5–2 μm) from S. itsvo (1.3–2.4 × 0.3–
0.5 μm) but S. oleae shares similar ranges with S. aemulophila
(2–5.5 × 0.2–1.8 μm), S. rapaneae (2.8–4.7 × 0.3–0.6 μm)
and S. candida (3.5–5 × 1–1.7 μm). After repeated reculturing
of S. oleae, isolates have seemingly lost their ability to pro-
duce ascomata on MEA even after incubation for longer than
3 months.

Graphilbum roseumMusvuugwa, L.L. Dreyer & F. Roets,
sp. nov. Fig. 4g–l. Mycobank MB 822537

Etymology: The epithet roseum (Latin for pink or rosy)
refers to the pink conidial masses produced by synnemata.

Ascomata not observed. Asexual sporulation from
synnemata determinate with terminal, slimy conidial masses
formed on the surface of host substrate and also on 2% MEA
incubated for 4 weeks in the dark at 25 °C up to 2.2 mm long
including conidiogenous cells; stipes black, subapically dark
to pale brown, 14–150 μm wide at the base, 19–110 μm wide
apically. Heads of synnemata branched in 4–5 tiers, up to
390 μm wide, conidial mass hyaline when young, becoming
pink with age and red when dry. Conidiogenous cells
annellidic, hyaline, cylindrical, tapering towards the apex,
14.5–19 μm long, 1–2 μm wide at the base, 1–1.5 μm wide
near the apex. Conidia hyaline, aseptate, smooth, oblong to
ovoidal, 2–3.5 × 1–2 μm (avg. 2.9 × 1.6 μm). Colonies pale
yellow (19”f) with hyaline edge, becoming light to moderate
yellowish brown (17”’b) at the centres, firm in texture at the
edges. Colony diameter reaching 29.5 mm after 10 days on

Fig. 2 Bayesian inference consensus tree based on TUB sequence data
for species of Sporothrix. Values above nodes indicate posterior
probabilities obtained through Bayesian inference. Values below nodes

indicate bootstrap values (1000 replicates) obtained from maximum
likelihood analysis. The scale bar is in substitutions per site
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2% MEA at the optimal growth temperature of 25 °C. No
growth below 10 °C or above 30 °C.

Holotype: South Africa, Western Cape Province, Gouna,
dried culture on MEA originating from Curtisia dentata
wound on branch covered with synnemata, October 2011, T.
Musvuugwa (PREM 61337); culture ex-holotype CMW
40349 = CBS 141074. Same location, dried culture on MEA
originating from damaged branch of a different tree of the
same species, PREM 61338 (paratype); culture ex-paratype
CMW 40350 = CBS 141075. South Africa, Western Cape
Province, Groenkop, dried culture on MEA originating from
Pterocelastrus tricuspidatus wound on trunk covered with
synnemata, October 2011, T. Musvuugwa, PREM 61339
(paratype); culture ex-paratype CMW 40351 = CBS
141076. South Africa,Western Cape Province, Gouna, culture
originating fromHalleria lucidawound on trunk covered with
synnemata, October 2011, T. Musvuugwa, CMW 40352.
Same location, culture originating from H. lucida wound on
trunk covered with synnemata, October 2011, T. Musvuugwa,
CMW 40353.

Notes:Graphilbum roseum grouped closest toGraphilbum
sp. 7, one of several undescribed taxa in the genus (De Beer
andWingfield 2013).Graphilbum roseum is known only from
its asexual state, but its synnematous Pesotum-like conidio-
phores with conidia in slimy masses resemble other species in
the genus (De Beer et al. 2013a). Conidial masses of other
Graphilbum species have been described as cream-coloured,
never as pink (e.g. Mathiesen-Käärik 1953). In comparison
with G. fragrans, an apparently closely related species to
G. roseum, conidiogenous cells for G. fragrans are 10–43
μm long and 1–1.5 μm wide (Mathiesen-Käärik 1953), while
those of G. roseum are 14.5–19 μm long and 1–2 μm wide.
Conidia of G. fragransmeasure 3–6 × 1–2 μm while those of
G. roseum 2–3.5 × 1–2 μm. Graphilbum roseum, provision-
ally called G. roseus in Musvuugwa (2014), was also isolated
from various mite species associated with wounds on the host
trees, suggesting that they may be intimately involved in the
ecology of this fungus (Musvuugwa 2014; Musvuugwa et al.
2016b). Synnemata ofG. roseumwere only observed in cultures
on MEA for those isolates stored at 4 °C for ca. 12 months. It is

Fig. 3 Bayesian inference consensus tree based on TEF sequences of
Graphium species. Values above nodes indicate posterior probabilities
obtained through Bayesian inference. Values below nodes indicate

bootstrap values (1000 replicates) obtained from maximum likelihood
analysis. The scale bar is in substitutions per site
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unknown whether the production of these synnemata was in-
duced by cold storage or whether these are only produced after
extended periods of growth on artificial media.

Graphium sp. (Fig. 5)
Based on sequence data, the Graphium species grouped

with G. basitruncatum, G. carbonarium, G. euwallaceae
and numerous undescribed taxa. All of these species produce
both conidia and chlamydospores (Lynch et al. 2016) that vary
little in size and shape between different taxa. The taxon iso-
lated in the present study differs fromG. basitruncatum in that
the conidia of the latter are more slender (Matsushima 1971).
All isolates of this taxon were obtained from conidiophore-
covered wounds on branches of Ilex mitis at Assegaibosch,
Stellenbosch, Western Cape Province, South Africa.

Description: Conidiophores on host tissues and in culture
variable, micronematous to macronematous, mononematous,
simple or branched, occasionally synnematous in old cultures.

Conidiogenous cells blastic, hyaline, cylindrical, straight or
flexuous, 6–60 × 1–2 μm. Conidia hyaline, aseptate, oblong
to obovate with a truncate base, straight or slightly curved, 3–
5.5 × 1.5–3 μm (avg. 4.4 × 2.1 μm). Chlamydospores
subhyaline to slightly pigmented, thick-walled, aseptate, ellip-
soidal, 4.5–7 × 2.5–4.5 μm (avg. 5.7 × 3.8 μm). Colonies
white, greyish in the centre, with fluffy appearance and cre-
nated edges; optimal temperature for growth is at 25 °C on
MEA,with colony diameter reaching 29mm after 10 days. No
growth at or below 10 °C causes black staining of host wood.
Ascomata not observed.

Discussion

In previous CFR-based assessments of native host trees, a
diverse array of ophiostomatoid fungi were found associated
with wounds (Kamgan Nkuekam et al. 2008; Musvuugwa

Fig. 4 Microscopic features of
Sporothrix oleae andGraphilbum
roseum. a–f S. oleae (ex-holotype
strain, CMW 40362 = CBS
142082). a Ascoma produced in
culture. b Diverging ostiolar
hyphae. c Ascospores. d
Conidiogenous cells and conidia.
e Conidiogenous cell with an
inflated cluster of denticles at the
apex. f Colony grown in the dark
at 25 °C for 7 days and 10 days.
g–l G. roseum (ex-holotype
strain, CMW 40349 = CBS
141074). g–i Synnemata
produced in culture with slimy
conidial mass at the top. j
Conidiogenous cells. k Conidia. l
Colony grown in the dark at 25 °C
for 10 days. Scale bars: a = 100
μm, b = 25 μm, c = 5 μm, d = 10
μm, e = 5 μm, g = 500 μm, h = 50
μm, i = 500 μm, j = 10 μm, k = 5
μm
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et al. 2016a, b) and subcortical beetles (Musvuugwa et al.
2015). Here, two species belonging to the Ophiostomatales
and one species belonging to the Microascales were isolated
from wounds on native trees growing in the Afromontane
forests of the Cape Floristic Region (CFR), of which two are
described in separate genera.

Sporothrix oleae is a member of the S. candida complex
(De Beer et al. 2016). Several recently described species, iso-
lated from these forests, also belong to this complex
(Musvuugwa et al. 2015, 2016a). Until the recent isolation
of the beetle-associated Sporothrix pallida and Raffaelea
vaginata (Musvuugwa et al. 2015), no other ophiostomatoid
fungus had been recorded from O. capensis ssp. macrocarpa.
Based on our analyses, S. oleae is closely related to S. candida
sensu stricto, a known associate of Cerambycidae beetles and
isolated from wounds on Eucalyptus cloeziana F. Muell in
South Africa (Kamgan Nkuekam et al. 2012), S. rapaneae
from the beetle Xyleborinus aemulus and its galleries on
Rapanea melanophloeos (Musvuugwa et al. 2015) and
S. itsvo and S. aemulophila from damaged wood and inner
bark of R. melanophloeos (Musvuugwa et al. 2016a). The
only species in the complex that does not originate from
South Africa is S. cabralii de Errasti & Z.W. de Beer from
galleries of Gnathotrupes ambrosia beetles on dead wood of
Nothofagus pumilio Krasser in Argentina (De Errasti et al.
2016). All species in the complex thus target hardwoods in
the Southern Hemisphere, and although not confirmed, most
probably are all vectored by arthropods.

Graphilbum roseum belongs to a genus that groups basal to
other genera in the Ophiostomatales (De Beer and Wingfield
2013). The genus comprises ten named and several unnamed
species (De Beer andWingfield 2013, Reid and Hausner 2015)
collected from various parts of the world, including Canada,
Europe, America and Australia (Geldenhuis et al. 2004; Kim

et al. 2005).Graphilbum sp. 7, the closest relative ofG. roseum,
was initially reported as an unnamed Pesotum J.L. Crane &
Schokn. species from sapstain on Pinus radiata in Australia
(De Beer and Wingfield 2013; Thwaites et al. 2005).
Although G. roseum was isolated from wounds, some of the
other species in the genus are associated with conifer-infesting
bark beetles (De Beer et al. 2013a; Reid and Hausner 2015).
Graphilbum fragrans (Mathiesen-Käärik) Z.W. de Beer, Seifert
& M.J. Wingf., for example, has been isolated from Ips
sexdentatus Borner infesting Pinus sylvestris L. in Sweden
(Mathiesen-Käärik 1953). In South Africa, the same species
was associated with Hylastes angustatus Herbst infesting
Pinus patula Schiede & Deppe ex Schltdl. in Mpumalanga
(Zhou et al. 2006). Unlike the other two species described in
this study, G. roseum was isolated from several host trees, in-
cluding Curtisia dentata, Halleria lucida, Pterocelastrus
tricuspidatus, Trichocladus crinitus and Olea capensis ssp.
macrocarpa. It is known to be pathogenic to indigenous (e.g.
Curtisia dentata and Rapanea melanophloeos) and exotic
(Acacia mearnsii and Eucalyptus grandis) hardwood trees
and is likely dispersed by mites and other wound-associated
arthropods (Musvuugwa et al. 2016b).

Graphium belongs to the Microascales. The species most
closely related to the taxon isolated in the present study seems
to be G. basitruncatum, which was first isolated from forest
soil in the Solomon Islands (Matsushima 1971). Graphium
basitruncatum has also been isolated as an opportunistic hu-
man pathogen from a patient with leukaemia in Canada
(Deepali et al. 2007). Graphium carbonarium, a member in
the clade that is sister to G. ilicis and G. basitruncatum, was
first described from a Pissodes Germar weevil infesting Salix
babylonica L. in China (Paciura et al. 2010), but this species,
and all other taxa in this clade, seems to be commonly asso-
ciated with Euwallaceae sp. ambrosia beetles (Scolytinae)

Fig. 5 Microscopic features of
Graphium sp. (isolate CMW
40355 = CBS 141071). a
Conidiophores. b Synnematous
conidiophore and
chlamydospores (arrows). c
Mononematous conidiophores. d
Conidia. e Colony grown in the
dark at 25 °C for 7 days and 10
days. Scale bars: a = 100 μm, b =
10 μm, c = 50 μm, d = 5 μm

92 Mycol Progress (2020) 19:81–95



from the USA (invaded habitats) and Asia (putative origin)
(Lynch et al. 2016). This represents a major difference be-
tween the taxon collected in the present study and most other
species in the genus in that it is wound-associated (De Beer
et al. 2013b; Geldenhuis et al. 2004; Lynch et al. 2016; Okada
et al. 2000; Paciura et al. 2010). Other Graphium species
isolated from South Africa include G. adansoniae
Cruywagen, Z.W. de Beer & Jol. Roux isolated from
Adansonia digitata L. (Cruywagen et al. 2010) and
G. pseudormiticum from a bark beetle on exotic pine trees
(Mouton et al. 1994). There are no sexual stages known for
species in this genus (De Beer et al. 2013b). To the best of our
knowledge, no other ophiostomatoid fungus has to date been
isolated from Ilex mitis.
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