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Abstract
Ophiocordyceps is entomopathogenic and the largest studied genus in the family Ophiocordycipitaceae. 
Many species in this genus have been reported from Thailand. The first new species introduced in this 
paper, Ophiocordyceps globiceps, differs from other species based on its smaller perithecia, shorter asci and 
secondary ascospores and additionally, in parasitising fly species. Phylogenetic analyses of combined LSU, 
SSU, ITS, TEF1α and RPB1 sequence data indicate that O. globiceps forms a distinct lineage within 
the genus Ophiocordyceps as a new species. The second new species, Ophiocordyceps sporangifera, is distin-
guished from closely related species by infecting larvae of insects (Coleoptera, Elateridae) and by produc-
ing white to brown sporangia, longer secondary synnemata and shorter primary and secondary phialides. 
We introduce O. sporangifera based on its significant morphological differences from other similar species, 
even though phylogenetic distinction is not well-supported.
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Introduction

The genus Ophiocordyceps was introduced by Petch (1931) to accommodate species 
which have different features of asci and ascospores from Cordyceps (Petch 1931). Ophio-
cordyceps was treated as a subgenus of Cordyceps by Kobayasi (1941, 1982) and Mains 
(1958). Sung et al. (2007a) established the new family Ophiocordycipitaceae in Hypocre-
ales (Sordariomycetes) and revised Ophiocordyceps as the type genus based on phylogenet-
ic analyses. This is followed in the Outline of Ascomycetes (Wijayawardene et al. 2018). 
The main characters of the sexual morph species of Ophiocordyceps are fibrous, hard, 
pliant-to-wiry, dark stromata with superficial to immersed perithecia (Sung et al. 2007a, 
Ban et al. 2015). The asexual morphs in the majority of species have hirsutella-like and 
hymenostilbe-like features (Kepler et al. 2013, Maharachchikumbura et al. 2015, 2016). 
The hosts of species in Ophiocordyceps are larval lepidopterans and coleopterans, adult hy-
menopterans, hemipterans, dipterans, orthopterans or dragonflies (Odonata) and, in few 
cases, spiders (Kobayasi 1941, Mains 1958, Sung et al. 2007a, Ban et al. 2015). Hitherto, 
Ophiocordyceps included 233 species (Index Fungorum, June 2018) with a worldwide 
diversity (Sung et al. 2007a, Ban et al. 2015, Spatafora et al. 2015, Shrestha et al. 2017).

Thailand is located in the tropical areas with a rich biodiversity (Luangsa-ard et al. 
2008, Aung et al. 2008, Luangsa-ard et al. 2010, Hyde et al. 2017, Hyde et al. 2018). 
A variety of entomopathogenic species (more than 400 species) (Index Fungorum, 
June 2018, Luangsa-ard et al. 2008, Luangsa-ard et al. 2010) were reported from Thai-
land after the first species recorded by Petch in 1932. In this study, we introduce two 
new species of Ophiocordyceps, which were found on larvae of insects (Lepidoptera, 
Cossidae) and adult Diptera. The descriptions of these two new species and phyloge-
netic evidence for the new taxa are provided. Morphological differences between two 
new species and their related species are also discussed.

Methods

Collection, isolation, and morphology study

Specimens were collected in The Mushroom Research Centre, Chiang Mai, Thailand, from 
soil and grass litter and taken to the laboratory. Fruiting bodies were examined using free 
hand sections under a stereomicroscope. Water-mounted slides were prepared for a micro-
scope study and photographed under a compound microscope. Strains were isolated from 
single spores by using the protocol in Chomnunti et al. (2014). Cultures were incubated at 
25 °C for 4–10 weeks on potato extract agar (PDA) in light-promoted sporulation.

DNA extraction, PCR amplification and determination of DNA sequences

DNA was extracted from both dried specimens and cultures by using E.Z.N.A.TM Fun-
gal DNA MiniKit (Omega Biotech, CA, USA), according to the manufacturers proto-
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cols. Universal known primers were used in PCR amplification; ITS4/ITS5 for internal 
transcribed spacer gene region (ITS), NS1/NS4 for partial small subunit ribosomal RNA 
gene region (SSU), LROR/LR5 for partial large subunit rDNA gene region (LSU) (Vil-
galys and Hester 1990, White et al. 1990), 983F/2218R for partial translation elonga-
tion factor 1-alpha gene region (TEF1α) (Sung et al. 2007b) and CRPB1A/RPB1Cr for 
partial RNA polymerase II largest subunit gene region (RPB1) (Castlebury et al. 2004). 
PCR products were sequenced by Sangon Biotech (Shanghai) Co., Ltd., Shanghai, Chi-
na. Specimen was performed by using TaKaRa PMD18-T vector system (TaKaRa Bio-
technology, Dalian, China), while PCR products could not be sequenced directly.

Phylogenetic analyses

Sequence data were obtained from GenBank based on previous studies as listed in 
Table 1. MAFFT v.7 was used to align combined datasets of ITS, SSU, LSU, TEF1α 
and RPB1 regions (Katoh and Standley 2013, http://mafft.cbrc.jp/alignment/server/). 
BioEdit (Hall 2011) was used to check alignment manually. Gaps were treated as miss-
ing data. Tolypocladium inflatum W. Gams and T. ophioglossoides (J.F. Gmel.) C.A. 
Quandt et al. (Kepler et al. 2012, Schoch et al. 2012) were selected as outgroup taxa.

Maximum likelihood trees (ML) were estimated by using the software RAxML 
7.2.8 Black Box (Stamatakis 2006, Stamatakis et al. 2008) in the CIPRES Science 
Gateway platform (Miller et al. 2010). MrModeltest v.2.3 (Nylander 2004) was used 
to determine the best-fit model of evolution for Bayesian analyses. MrBayes v.3.1.2 
(Ronquist and Huelsenbeck 2003) was used to evaluate posterior probabilities (PP) 
(Rannala and Yang 1996, Zhaxybayeva and Gogarten 2002) by Markov Chain Monte 
Carlo sampling (BMCMC). Six simultaneous Markov chains were run for 10,000,000 
generations, trees were sampled every 100th generation and 100,001 trees were ob-
tained. The first 25% of trees (25,000) were discarded, as they represented the burn-in 
phase of the analyses, while the remaining trees (75,001) were used for calculation 
of posterior probabilities in the majority rule consensus tree (critical values for the 
topological convergence diagnostic is 0.01). Trees were figured in FigTree v1.4.0 pro-
gramme (Rambaut 2012). Bayesian Posterior Probabilities (BYPP) equal to or great 
than 0.90 were given below each node (Fig. 1).

Results

Molecular phylogeny

Eighty-seven taxa (including the four with new sequence data) were included in the 
combined ITS, SSU, LSU, RPB1 and TEF1α dataset (Table 1), which comprises 
3894 characters with gaps; 1011 characters for SSU, 824 for LSU, 561 for ITS, 880 
for TEF1α and 618 for RPB1. Tree topology of the RAxML analysis was similar to 
the Bayesian analysis. The best scoring RAxML tree with a final likelihood value of 

http://mafft.cbrc.jp/alignment/server/
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-46932.268101 is presented (Fig. 1). The matrix had 2081 distinct alignment patterns, 
with 35.22% of undetermined characters or gaps. Parameters for the GTR model of 
the concatenated dataset were as follows: Estimated base frequencies; A = 0.240006, 
C = 0.270755, G = 0.276725, T = 0.212514; substitution rates AC = 1.073676, 
AG = 3.611556, AT = 1.170890, CG = 1.176549, CT = 6.339087, GT = 1.000; 
gamma distribution shape parameter α = 0.265589.

Figure 1. Phylogram of Ophiocordyceps globiceps and O. sporangifera generated from maximum likelihood 
(RAxML) analysis of ITS, SSU, LSU, RPB1 and TEF1α sequence data. Tolypocladium inflatum and T. ophi-
oglossoides were used as outgroup taxon. Maximum likelihood bootstrap values greater than 75% and Bayes-
ian posterior probabilities over 0.90 were indicated above the nodes. The new species are indicated in red.
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Taxonomy

Ophiocordyceps globiceps Y.P. Xiao, T.C. Wen & K.D. Hyde, sp. nov.
Index Fungorum number: IF555323
Faces of fungi number: FoF 04864
Fig. 2

Etymology. The specific epithet refers to the feature of the secondary hemispherical to 
globoid fertile head.

Sexual morph: Stromata 4–8 mm long × 0.5–1 mm diam., one or several from 
the host, stipitate, capitate, unbranched, cinnamon to yellow. Stipe 3.5–7.5 mm long, 
0.2–0.5 mm diam., yellow, cylindrical, with a fertile apex. Fertile head 1–1.5 mm 
long, 1–1.2 mm diam., cinnamon to yellow, single, hemispherical to globoid. Peri-
thecia 538–663 × 182–247 μm (x‒= 600 × 214 µm, n = 60), immersed, ovoid to elon-
gated pyriform, thick-walled, vertical with the ostioles opening on the upper surface 
of the head. Peridium 17–22 µm (x‒ = 20 µm, n = 90) wide, hyaline, of textura por-
recta to textura prismatica to textura angularis. Asci 373–454 × 5.7–8.2 μm (x‒ = 413 
× 7 µm, n = 90), 8-spored, hyaline, filiform, with a thick apex. Apical cap 4.4–6.4 
× 4.9–5.7 μm (x‒ = 5.4 × 5.3 µm, n = 60), thick, with a small channel in the centre. 
Ascospores 240–303 × 1.8–2.3 μm (x‒ = 272 × 2.1 µm, n = 60), filiform, hyaline, multi-
septate. Secondary ascospores 4–5.4 × 1.2–1.9 μm (x‒ = 4.7 × 1.6 µm, n = 90) cylindrical 
to fusoid, 1-celled, straight, hyaline, smooth-walled. Asexual morph: Undetermined.

Culture characteristics. growing on PDA, reaching 5 cm diam., after 6 weeks at 
25 °C, superficial cottony, whitened, loose, reverse yellow. After 10 weeks at 25 °C, 
reaching 6 cm diam., no conidiogenous structures observed.

Material examined. THAILAND, Ranong, Tambon Khao Niwet, parasitise on 
fly (Muscidae, Diptera) 7 mm long, 3 mm wide, brown to dark brown, without hy-
phae on the surface, collected on the grass stem, 19 July 2015, YuanPin Xiao, (MFLU 
18–0661, holotype, ex-type living culture, MFLUCC 18–0495); Chiang Mai, Thai-
land, on adult fly (Diptera), 6.5 mm long, 2.7 mm wide, brown to dark brown, with-
out hyphae on the surface, collected on the grass, 19 July 2017, YuanPin Xiao, (MFLU 
18–0662, paratypes, living culture MFLUCC 18–0496).

Notes. In the phylogenetic tree, Ophiocordyceps globiceps is closely related to 
O. dipterigena (Berk. & Broome) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafor. 
(Thailand) and O. hemisphaerica Mafalda-Freire, Reck & Drechsler-Santos (Brazil), 
which infect flies (Luangsa-ard et al. 2008, Hyde et al. 2016). Ophiocordyceps globi-
ceps also groups with Ophiocordyceps sp. (FMF147) (106bp ITS differ), which was 
introduced by ITS sequence data and without any other detail (Freire 2015). Ophio-
cordyceps globiceps has 60 bp that differ from O. dipterigena (MY621, Thailand) in the 
ITS region, 19 bp in TEF1α. It has 87 bp that differ from Hymenostilbe dipterigena 
Petch (NHJ12170, Thailand, asexual morph of O. dipterigena) in the ITS region 
and 20 bp in TEF1α. Ophiocordyceps globiceps also has 94 bp (ITS) that differ from 
O. dipterigena (MRCIF71, Thailand), which only has ITS and without any details. 
Ophiocordyceps globiceps has 104 bp that differ from O. hemisphaerica (FLOR 59525) 

http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=555323
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Figure 2. Ophiocordyceps globiceps (holotype MFLU 18–0661). a Habitat b Ascostroma emerging from 
infected fly c Host d Fertile head of ascostroma e Vertical section of the stroma f Section of ascomata 
g Peridium h, i Asci k Apical cap of asci l, q Part of ascospore m, n Secondary ascospores o Upper side 
of the culture p Reverse side of the culture. Scale bars: 1000 µm (b–d), 500 µm (e, f), 100 µm (h, i), 
20 µm (g), 10 µm (k, l), 5 µm (m, n, q), 5 cm (o, p).
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in the ITS region and has 21 bp in nrSSU, 97 bp in nrLSU, 74 bp in TEF1α that 
differ from O. dipterigena (OSC 151913).

We compared the new species with other Ophiocordyceps species which infect flies 
(Diptera) or are morphologically similar to O. globiceps (Table 2). Ophiocordyceps glo-
biceps differs from three records of O. dipterigena found in Sri Lanka, Japan and Thai-
land by producing single smaller stroma, smaller and shorter perithecia, shorter asci 
and smaller ascospores (Table 2). Cordyceps sakishimensis Kobayasi & Shimizu, Ophio-
cordyceps discoideicapitata (Kobayasi & Shimizu) G.H. Sung, J.M. Sung, Hywel-Jones 
& Spatafora, Ophiocordyceps forquignonii (Quél.) G.H. Sung, J.M. Sung, Hywel-Jones 
& Spatafora, Ophiocordyceps hemisphaerica Mafalda-Freire, Reck & Drechsler-Santos, 
Ophiocordyceps lacrimoidis Mafalda-Freire, Reck & Drechsler-Santos and Cordyceps 
muscicola Möller (= Ophiocordyceps muscicola) have been reported as fly infected taxa 
(Saccardo 1891, Möller 1901, Kobayasi and Shimizu 1982, Freire 2015, Hyde et al. 
2016), but their morphology is different from O. globiceps (see Table 2). Cordyceps sak-
ishimensis is distinct from O. globiceps in having white, longer, cylindrical stromata and 
larger superficial perithecia. Ophiocordyceps discoideicapitata differs from O. globiceps by 
producing smaller stromata, pyriform, larger perithecia and longer part-spores (Table 2) 
(Kobayasi and Shimizu 1982). Ophiocordyceps forquignonii is distinct from O. globiceps 
in having a cylindrical fertile apex and oval secondary ascospores (Table 2) (Saccardo 
1891). Molecular data indicate that the new species has 26 bp in nrSSU and 89 bp in 
nrLSU that are different from O. forquignonii. Ophiocordyceps hemisphaerica is different 
from O. globiceps in having longer stomata, larger obpyriform perithecia, longer asci 
and longer fusoid part-spores (Hyde et al. 2016). Ophiocordyceps lacrimoidis (Diptera 
infected species) was not considered in our phylogenetic sampling as the DNA (ITS) 
sequence did not align well with other species, but its DNA sequence differed by 154 bp 
in the ITS region from the sequence of O. globiceps. However, Ophiocordyceps lacrimoid-
is is morphologically different from our new species in producing longer stipe, obpyri-
form, slightly curved perithecia, longer asci and longer part spores. Cordyceps muscicola 
was revised as Ophiocordyceps muscicola by Freire (2015), while it is different from O. 
globiceps in having longer stromata, larger pyriform perithecia, longer asci and longer 
part-spores (Möller 1901, Freire 2015). We would like to introduce Ophiocordyceps glo-
biceps as a new species based on the phylogenetic and morphological analyses.

Ophiocordyceps sporangifera Y.P. Xiao, T.C. Wen & K.D. Hyde, sp. nov. 
Index Fungorum number: IF555324
Faces of fungi number: FoF 04865
Figs 3, 4

Etymology. The specific epithet refers to the feature of the sporangium-bearing.
Sexual morph: Unknown. Asexual morph: Primary synnema 9–18 cm high 

1–2 mm diam., arising from the head region of the larva, branching into 2–5, cylin-
drical, brown to deep brown, with small white fertile head on the top, not smooth. 

http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=555324
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Figure 3. Ophiocordyceps sporangifera (holotype MFLU 18–0658). a Habitat b Synnemata on host sur-
face c Host d, e Synnemata f Fertile head of primary synnema g Sporangium h Secondary synnema i Spo-
rangium j, k, q Part of secondary synnema l Phialides m Conidia bound by deliquescing mucilaginous 
material n–p Conidia. Scale bars: 1 cm (c, d), 1000 µm (e), 200 µm (f, h, q), 100 µm (g, i), 50 µm (j), 
20 µm (k, l), 10 µm (m–p).
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Figure 4. Ophiocordyceps sporangifera (culture) MFLUCC 18–0492. a Upper side of the culture b Reverse 
side of the culture c, d Synnemata growing on PDA medium e, g Synnemata f Mycelium h–j Phialides k 
Conidia l–n Conidia form mucilaginous spheres. Scale bars: 1 cm (a, b), 5000 µm (c), 1000 µm (d), 500 
µm (e), 100 µm (f, g), 50 µm (h–j), 10 µm (k–n).
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Fertile head 500–2000 µm long, 400–1000 µm diam., globose to subglobose, capitu-
lum, white to brown, arising from the apical end of primary synnema, mess of sporan-
gium on the surface. Sporangium 78–121 µm diam. (x‒ = 100 µm, n = 60), spherical, 
arising from the apical end of primary synnema, white colour when immature, becom-
ing brown to dark brown after maturity, consisting of thick-walled cells. Secondary 
synnemata 1092–1937 × 21–34 µm, (x ‒= 1515 × 27 µm, n = 60), laterally from the 
primary synnema, brown to white, cylindrical, not smooth. Hyphae 1.8–2.8 µm wide 
(x‒ = 2.3 µm, n = 60), irregularly multi-septate, brown, cylindrical, smooth or rough, 
sometimes particularly expand. Phialides 25–40 × 1.3–2.5 µm (x‒ = 33 × 1.9  µm, 
n = 60), hirsutella-like, hyaline, solitary, unbranched, narrow slender, smooth. Conidia 
6.7–9.8 × 2.5–3.8 µm (x‒ = 8.3 × 3.2 µm, n = 60), 1 cell, hyaline, subglobose to reni-
form, bound in mucilaginous spheres. Mucilaginous spheres 10.5–12.9 × 6.4–8.7 µm 
(x‒ = 11.7 × 7.5 µm, n = 60), composed of 1–12 conidia, hyaline, at phialide apex.

Culture Characteristics. growing on PDA, reaching 2 cm diam., after 4 weeks at 
25 °C,with circular, dense mycelium on the surface. After 6 weeks, the colour of the 
colony gradually deepened from white to dark brown from the periphery to the centre, 
with complex fold as 4 circle rings, reverse white to yellow in colour, with ring. Synne-
mata was produced after 8 weeks. Most of the characters are the same as the fresh collec-
tion except phialides and mucilaginous spheres. Phialides 56–86 µm long (x‒ = 71 µm, 
n = 60), 3–5 µm wide at base (x‒ = 4 µm, n = 60), 1.4–2.2 µm at top (x‒ = 1.8 µm, 
n =  60), hirsutella-like, hyaline, solitary, unbranched, narrow slender, smooth, 1–4 
septa, not observed on host. Mucilaginous spheres 10.5–15.9 × 8.2–14.7 µm (x‒ = 12.7 × 
11.5 µm, n = 60), 1–4 conidia, hyaline to brown. Observation stopped after 10 weeks.

Material examined. THAILAND, Chiang Mai, The Mushroom Research Centre, 
on dead larva of Elateridae, Coleoptera, 6.5 cm long 0.38 cm diam., brown to dark 
brown, with thallus inside (larva), 18 July 2015, YuanPin Xiao, (MFLU 18–0658, hol-
otype); THAILAND, Chiang Mai, The Mushroom Research Centre, on dead larva of 
Elateridae, Coleoptera, 5.8 cm long 0.4 cm diam., brown to dark brown, with thallus 
inside (larva), 22 August 2015, YuanPin Xiao, (MFLU 18–0659, paratypes, ex-type 
living culture, MFLUCC 18–0492); THAILAND, Chiang Mai, Samoeng on larva 
insect of Elateridae, Coleoptera, 5.5 cm long 0.32 cm diam., brown to dark brown, 
with thallus inside (larva), 18 June 2017, YuanPin Xiao, (MFLU 18–0660, paratypes, 
living culture, MFLUCC 18–0493, MFLUCC 18–0494).

Notes. Ophiocordyceps sporangifera is closely related to O. myrmicarum D.R. Sim-
mons & Groden in our phylogenetic tree (Fig. 1). The morphology of O. sporangifera 
is different from O. myrmicarum in having longer primary and secondary synnemata, a 
white to brown sporangium, shorter phialides and it infects insect larvae (Lepidoptera, 
Cossidae), while O. myrmicarum was found on an ant (Myrmica rubra) (Simmons et 
al. 2015). The phylogenetic analysis does not have good support, but O. sporangifera 
is distinct from O. myrmicarum. In the phylogenetic tree, the relationships of O. spo-
rangifera and O. myrmicarum are obscure because they share one clade with short 
branch length (100% ML/ 1 BYPP), while the two strains of O. sporangifera clustered 
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together with a low bootstrap support (88% ML/ 0.90 BYPP). The type strain of 
O. sporangifera has 0 bp in nrSSU, 3 bp in TEF1α and 5 bp in RPB1 that are different 
from O. myrmicarum. However, the morphological features of those two species are 
different, thus, they should be treated as two separate species (Table 3).

Discussion

We introduce two new entomopathogenic species of Ophiocordyceps, one from Coleop-
tera (Elateridae) and the other from flies (Diptera). Morphological and phylogenetic 
analyses have provided insights to resolve generic delimitation (Sung et al. 2007a, Jee-
won and Hyde 2016). Most of the species of this genus are parasitic on insects (Sung 
et al. 2007a, Maharachchikumbura et al. 2015, Wijayawardene et al. 2017). The sexual 
morph species in this genus is characterised by fibrous, hard, pliant-to-wiry, dark-
coloured stroma with superficial to immersed perithecia (Sung et al. 2007a, Ban et al. 
2015, Maharachchikumbura et al. 2015), while the asexual morph species have mainly 
hymenostilbe-like and hirsutella-like features, branched or unbranched phialides with 
oval to fusiform conidia (Kepler et al. 2013, Maharachchikumbura et al. 2015, 2016).

Ophiocordyceps globiceps groups with H. dipterigena, O. dipterigena, Ophiocordyceps 
sp. and O. hemisphaerica in the phylogenetic tree with high bootstrap support, while 
four of these species are reported as fly (Diptera) parasitic fungi (Kobayasi 1941, Sac-
cardo 1891, Luangsa-ard et al. 2011, Hyde et al. 2016). Ophiocordyceps globiceps dif-

Table 3. Synopsis of Ophiocordyceps species discussed in the paper.

Species Ophiocordyceps myrmicarum Ophiocordyceps sporangifera
Host Myrmica rubra (Hymenoptera) Elateridae, Coleoptera
Primary 
synnemata

Whitish-yellow aging to rufous brown 9–18 cm high 1–2 mm diam., brown to deep 
brown

Secondary 
synnemata (µm)

Hyaline aging to rufous brown, up to 350 
long, narrow (25) at base, common on agar 

but not observed on host

Brown to white, not smooth 1092–1937 × 
21–34, arising from the all parts of the primary 

synnemata, observed on both of the host and agar
Primary phialides 
(µm)

Subulate, hyaline or pigmented at base, 
39.9–86.2 long, 3.6–5.4 wide at base

Slender, solitary, hyaline, unbranched, narrow, 
smooth, 25–40 × 1.3–2.5 

Secondary 
phialides (µm)

Subulate, 27.2–47.0 long, 2.4–3.3 wide at 
base

Narrow slender, 56–86 long, 3–5 wide at base, 
1.4–2.2 at top, 1–4 septa, common on culture but 

not observed on host
Sporangium (µm) No observed 78–121 diam., spherical, white immature, brown 

after mature
Conidia (µm) 7.3–9.6 × 3.2–5.1 reniform to ovoid, bi-

guttulate, aseptate 
6.7–9.8 × 2.5–3.8, subglobose to reniform 

Mucilaginous 
spheres (µm)

Composed of 1–4 conidia, hyaline to brown, 
at phialide apex

10.5–12.9 × 6.4–8.7, composed of 1–12 conidia, 
hyaline on host, 1–4 conidia on culture, hyaline 

to brown on culture
Reference Simmons et al. 2015 This study
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fers from closely related species by producing capitate, stipitate ascostromata, vertical, 
narrowly ovoid to obclavate, occasionally irregular perithecia and cylindrical secondary 
ascospores. Both morphology and phylogenetic analyses clearly show O. globiceps as a 
new species within Ophiocordyceps.

Ophiocordyceps sporangifera is an asexual morph species and groups with O. myr-
micarum in the phylogenetic tree (Fig. 1). Ophiocordyceps sporangifera can be distin-
guished from O. myrmicarum by infecting and parasitising larvae of insects (Lepidop-
tera, Cossidae), producing white to brown sporangium, longer primary and secondary 
synnemata and shorter primary and secondary phialides. The new species can be de-
fined based on the distinctive morphological characters even through the phylogenies 
are not well-supported (Jeewon and Hyde 2016). In case of intricate differences be-
tween a gene tree and a species tree and, in addition, several morphs can be under the 
influence of many genes which are not really being reflected in the phylogeny (Jeewon 
and Hyde 2016). In our study, morphological characters strongly support O. sporangif-
era as a new species within Ophiocordyceps, even through phylogenetic analysis is not 
well-resolved. In this case, other loci which have more phylogenetic variation than the 
current loci may be able to differentiate these two species.

Acknowledgements

This work was jointly supported by the National Natural Science Foundation of 
China (No. 31460012 & 31760014) and the Science and Technology Foundation of 
Guizhou Province (No. [2016]2863 & [2017]5788). Yuanpin Xiao also thanks the 
future of specialist fungi in a changing climate: baseline data for generalist and special-
ist fungi associated with ants, Rhododendron species and Dracaena species (grant no: 
DBG6080013), Impact of climate change on fungal diversity and biogeography in the 
Greater Mekong Subregion (grant no: RDG6130001) and the Mushroom Research 
Foundation, Chiang Rai, Thailand for supporting this research.

References

Aung OM, Soytong K, Hyde KD (2008) Diversity of entomopathogenic fungi in rainforests of 
Chiang Mai Province, Thailand. Fungal Diversity 30: 15–22.

Ban S, Sakane T, Nakagiri A (2015) Three new species of Ophiocordyceps and overview of an-
amorph types in the genus and the family Ophiocordyceptaceae. Mycological Progress 
14(1): 1017–1028. https://doi.org/10.1007/s11557-014-1017-8

Berkeley MJ, Broome CE (1873) Enumeration of the Fungi of Ceylon. Part II., contain-
ing the remainder of the Hymenomycetes, with the remaining established tribes of 
Fungi. Journal of the Linnean Society of London, Botany 14(74): 29–140. https://doi.
org/10.1111/j.1095-8339.1873.tb00302.x

https://doi.org/10.1007/s11557-014-1017-8
https://doi.org/10.1111/j.1095-8339.1873.tb00302.x
https://doi.org/10.1111/j.1095-8339.1873.tb00302.x


Two new entomopathogenic species of Ophiocordyceps in Thailand 69

Castlebury LA, Rossman AY, Sung GH, Hyten AS, Spatafora JW (2004) Multigene phylogeny 
reveals new lineage for Stachybotrys chartarum, the indoor air fungus. Mycological Research 
108(8): 864–872. https://doi.org/10.1017/S0953756204000607

Chen ZH, Dai YD, Yu H, Yang K, Yang ZL, Yuan F, Zeng WB (2013) Systematic analyses of 
Ophiocordyceps lanpingensis sp. nov., a new species of Ophiocordyceps in China. Microbio-
logical Research 168(8): 525–532. https://doi.org/10.1016/j.micres.2013.02.010

Chomnunti P, Hongsanan S, Aguirre-Hudson B, Tian Q, Peršoh D, Dhami MK, Alias AS, Xu 
J, Liu X, Stadler M, Hyde KD (2014) The sooty moulds. Fungal Diversity 66(1): 1–36. 
https://doi.org/10.1007/s13225-014-0278-5

Freire FM (2015) Taxonomia e distribuição de Ophiocordyceps dipterigena (Ophiocordycipita-
ceae, Hypocreales). Repositório Institucional da UFSC, 1–128.

Hall T, Biosciences I, Carlsbad C (2011) BioEdit: an important software for molecular biology. 
GERF Bulletin of Biosciences 2(1): 60–61.

Hyde KD, Hongsanan S, Jeewon R, Bhat DJ, Mckenzie E, EBG J, Phookamsak R, Ariyawansa 
H, Boonmee S, Zhao Q, Abdel-Aziz F, Abdel-Wahab M, Banmai S, Chomnunti P, Cui BK, 
Daranagama DA, Das K, Dayarathne M, De Silva NL, Dissanayake AJ, Doilom M, Eka-
nayaka AH, TB G, Góes-Neto A, Huang SK, Jayasiri S, Jayawardena RS, Konta S, Lee HB, 
Li WJ, Lin CG, Liu JK, Lu YZ, Luo ZL, Manawasinghe I, Manimohan P, Mapook A, Ni-
skanen T, Norphanphoun C, Papizadeh M, Perera RH, Phukhamsakda C, Richter C, San-
tiago A, Drechsler-Santos ER, Senanayake I, Tanaka K, TMDS T, Thambugala K, Tian Q, 
Tibpromma S, Thongbai B, Vizzini A, Wanasinghe DN, Wijayawardene N, Wu HX, Yang J, 
Zeng XY, Zhang H, Zhang JF, Bulgakov T, Erio C, Bahkali A, Amoozegar MA, Araujo-Neta 
LS, Amimirati Joe, Baghela A, Bhatt R, Bojantchew S, Buyck B, Silva GA, De lima CLF, 
Oiliverira R, De Souza CAF, Dai YC, Dima B, Duong TT, Ercole E, Freire FM, Ghosh A, 
Hashimoto A, Kamolhan S, Kang JC, Karunarathna S, Kirk PM, Kytövuori I, Lantieri A, Lii-
matainen K, Liu ZY, Liu XZ, Lücking R, Medardi G, Mortimer PE, Nguyen TTT, Promput-
tha I, Raj KNA, Reck MA, Lumyong S, Shahzadeh-Fazeli SA, Stadler M, Soudi MR, Su H, 
Takahashi T, Tangthirasunun N, Uniyal P, Wang Y, Wen TC, Xu J, Zhang ZK, Zhao Y, Zhou 
JL, Zhu L (2016) Fungal diversity notes 367–490: taxonomic and phylogenetic contributions 
to fungal taxa. Fungal Diversity 80(1): 1–270. https://doi.org/10.1007/s13225-016-0373-x

Hyde KD, Norphanphoun C, Abreu VP, Bazzicalupo A, Chethana KT, Clericuzio M, Dayar-
athne MC, Dissanayake AJ, Ekanayaka AH, He MQ, Hongsanan S, Huang SK, Jayasiri 
SC, Jayawardena RS, Karunarathna A, Konta S, Kušan I, Lee H, Li J, Lin CG, Liu NG, Lu 
YZ, Luo ZL, Manawasinghe IS, Mapook A, Perera RH, Phookamsak R, Phukhamsakda 
C, Siedlecki I, Soares AM, Tennakoon DS, Tian Q, Tibpromma S, Wanasinghe DN, Xiao 
YP, Yang J, Zeng XY, Abdel-Aziz FA, Li WJ, Senanayake IC, Shang QJ, Daranagama DA, 
de Silva NI, Thambugala KM, Abdel-Wahab MA, Bahkali AH, Berbee ML, Boonmee S, 
Bhat DJ, Bulgakov TS, Buyck B, Camporesi E, Castañeda-Ruiz RF, Chomnunti P, Doilom 
M, Dovana F, Gibertoni TB, Jadan M, Jeewon R, Jones EBG, Kang JC, Karunarathna 
SC, Lim YW, Liu JK, Liu ZY, Plautz Jr. HL, Lumyong S, Maharachchikumbura SSN, 
Matočec N, McKenzie EHC, Mešić A, Miller D, Pawłowska J, Pereira OL, Promputtha I, 
Romero AI, Ryvarden L, Su HY, Suetrong S, Tkalčec Z, Vizzini A, Wen TC, Wisitrassa-

https://doi.org/10.1017/S0953756204000607
https://doi.org/10.1016/j.micres.2013.02.010
https://doi.org/10.1007/s13225-014-0278-5
https://doi.org/10.1007/s13225-016-0373-x


Yuan-Pin Xiao et al.  /  MycoKeys 47: 53–74 (2019)70

meewong K, Wrzosek M, Xu JC, Zhao Q, Zhao RL, Mortimer PE (2017) Fungal diversity 
notes 603–708: taxonomic and phylogenetic notes on genera and species. Fungal Diversity 
87(1): 1–235. https://doi.org/10.1007/s13225-017-0391-3

Hyde KD, Chaiwan N, Norphanphoun C, Boonmee S, Camporesi E, Chethana KWT, Dayar-
athne MC, de Silva NI, Dissanayake AJ, Ekanayaka AH, Hongsanan S, Huang SK, Jayasiri 
SC, Jayawardena RS, Jiang HB, Karunarathna A, Lin CG, Liu JK, Liu NG, Lu YZ, Luo 
ZL, Maharachchimbura SSN, Manawasinghe IS, Pem D, Perera RH, Phukhamsakda C, 
Samarakoon MC, Senwanna C, Shang QJ, Tennakoon DS, Thambugala KM, Tibpromma 
S, Wanasinghe DN, Xiao YP, Yang J, Zeng XY, Zhang JF, Zhang SN, Bulgakov TS, Bhat 
DJ, Cheewangkoon R, Goh TK, Jones EBG, Kang JC, Jeewon R, Liu ZY, Lumyong S, 
Kuo CH, McKenzie EHC, Wen TC, Yan JY, Zhao Q (2018) Mycosphere notes 169–224. 
Mycosphere 9(2): 271–430. https://doi.org/10.5943/mycosphere/9/2/8

Index Fungorum (2018) http://www.indexfungorum.org
Ito Y, Hirano T (1997) The determination of the partial 18 S ribosomal DNA sequenc-

es of Cordyceps species. Letters in Applied Microbiology 25(4): 239–242. https://doi.
org/10.1046/j.1472-765X.1997.00203.x

Jeewon R, Hyde KD (2016) Establishing species boundaries and new taxa among fungi: recom-
mendations to resolve taxonomic ambiguities. Mycosphere 7(11): 1669–1677. https://doi.
org/10.5943/mycosphere/7/11/4

Katoh K, Standley DM (2013) MAFFT multiple sequence alignment software version 7: im-
provements in performance and usability. Molecular Biology and Evolution 30(4): 772–
780. https://doi.org/10.1093/molbev/mst010

Kepler RM, Sung GH, Ban S, Nakagiri A, Chen MJ, Huang B, Li Z, Spatafora JW (2012) 
New teleomorph combinations in the entomopathogenic genus Metacordyceps. Mycologia 
104(1): 182–197. https://doi.org/10.3852/11-070

Kepler R, Ban S, Nakagiri A, Bischoff J, Hywel-Jones N, Owensby CA, Spatafora JW (2013) 
The phylogenetic placement of hypocrealean insect pathogens in the genus Polycephalomy-
ces: an application of One Fungus One Name. Fungal biology 117(9): 611–622. https://
doi.org/10.1016/j.funbio.2013.06.002

Kobayasi Y (1941) The genus Cordyceps and its allies. Report of The Tokyo Bunrika Daigaku 
Section B 5(84): 53–260.

Kobayasi Y (1982) Keys to the taxa of the genera Cordyceps and Torrubiella. Transaction of the 
Mycological Society of Japan 23: 329–364.

Kobayasi Y, Shimizu D (1982) Cordyceps species from Japan. 4. Bulletin of the National Science 
Museum Tokyo 8(3): 79–91.

Kobayasi Y, Shimizu D (1983) Cordyceps species from Japan. 6. Bulletin of the National Science 
Museum Tokyo 9: 1–21.

Li GJ, Hyde KD, Zhao RL, Hongsanan S, Abdel-Aziz F, Abdel-Wahab M, Alvarado P, Alves-
Silva G, Ammirati J, Ariyawansa H, Baghela A, Bahkali A, Beug MW, Bhat DJ, Bojantchev 
D, Boonpratuang T, Bulgakov T, Erio C, Boro MC, Ceska O, Chakraborty D, Chen JJ, 
Kandawatte TC, Chomnunti P, Consiglio G, Cui BK, Dai DQ, Dai YC, Daranagama DA, 
Das K, Dayarathne M, Crop ED, Oliveira R, Fragoso de Souza CA, Ivanildo de Souza J, 
Dentinger BTM, Dissanayake AJ, Doilom M, Drechsler-Santos ER, Ghobad-Nejhad M, 

https://doi.org/10.1007/s13225-017-0391-3
https://doi.org/10.5943/mycosphere/9/2/8
http://www.indexfungorum.org
https://doi.org/10.1046/j.1472-765X.1997.00203.x
https://doi.org/10.1046/j.1472-765X.1997.00203.x
https://doi.org/10.5943/mycosphere/7/11/4
https://doi.org/10.5943/mycosphere/7/11/4
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.3852/11-070
https://doi.org/10.1016/j.funbio.2013.06.002
https://doi.org/10.1016/j.funbio.2013.06.002


Two new entomopathogenic species of Ophiocordyceps in Thailand 71

Gilmore SP, Góes-Neto A, Gorczak M, Haitjema CH, Hapuarachchi K, Hashimoto A, He 
MQ, Henske JK, Hirayama K, Iribarren MJ, Jayasiri S, Jayawardena RS, Jeon SJ, Jerônimo 
GH, Lucia de Jesus A, Jones EBG, Kang JC, Karunarathna SC, Kirk PM, Konta S, Kuh-
nert E, Langer EJ, Lee HS, Lee HB, Li WJ, Li XH, Liimatainen K, Lima D, Lin CG, Liu 
JK, Liu X, Liu ZY, Luangsa-Ard JJ, Lücking R, Lumbsch T, Lumyong S, Leano E, Marano 
AV, Matsumura M, Mckenzie E, Mongkolsamrit S, Mortimer PE, Nguyen TTT, Niskanen 
T, Norphanphoun C, O’Malley MA, Parnmen S, Pawłowska J, Perera RH, Phookamsak 
R, Phukhamsakda C, Zottarelli C, Raspé O, Reck MA, Rocha SCO, Santiago A, Senanay-
ake I, Setti L, Shang QJ, Singh S, Sir EB, Solomon KV, Song J, Srikitikulchai P, Stadler 
M, Suetrong S, Takahashi H, Takahashi T, Tanaka K, Tang LP, Thambugala K, Thanak-
itpipattana D, Theodorou M, Thongbai B, Thummarukcharoen T, Tian Q, Tibpromma 
S, Verbeken A, Vizzini A, Vlasák J, Voigt K, Wanasinghe DN, Wang Y, Weerakoon G, 
Wen HA, Wen TC, Wijayawardene N, Wongkanoun S, Wrzosek M, Xiao YP, Xu JC, Yan 
JY, Yang J, Yang SD, Hu Y, Zhang JF, Zhao J, Zhou LW, Persoh D, Phillips AJL, Maha-
rachchikumbura S, Amoozegar MA (2016) Fungal diversity notes 253–366: taxonomic 
and phylogenetic contributions to fungal taxa. Fungal Diversity 78(1): 1–237. https://doi.
org/10.1007/s13225-016-0366-9

Liu ZY, Liang ZQ, Liu AY, Yao YJ, Yu ZN (2002) Molecular evidence for teleomorph–anamo-
rph connections in Cordyceps based on ITS-5.8S rDNA sequences. Mycological Research 
106 (9): 1100–1108. https://doi.org/10.1017/S0953756202006378

Luangsa-Ard JJ, Ridkaew R, Tasanathai K, Thanakitpipattana D, Hywel-Jones N (2011) Ophi-
ocordyceps halabalaensis: a new species of Ophiocordyceps pathogenic to Camponotus gigas 
in Hala Bala Wildlife Sanctuary, Southern Thailand. Fungal biology 115(7): 608–614. 
https://doi.org/10.1016/j.funbio.2011.03.002

Luangsa-ard JJ, Tasanathai K, Mongkolsamrit S, Hywel-Jones NL (2010) Atlas of invertebrate-
pathogenic fungi of Thailand. Thailand. National Center for Genetic Engineering and 
Biotechnology.

Luangsa-ard JJ, Tasanathai K, Mongkolsamrit S, Hywel-Jones NL (2008) Atlas of invertebrate-
pathogenic fungi of Thailand (Vol. 2). National Center for Genetic Engineering and Bio-
technology, National Science and Technology Development Agency.

Luangsa-Ard JJ, Tasanathai K, Thanakitpipattana D, Khonsanit A, Stadler M (2018) Novel 
and interesting Ophiocordyceps spp.(Ophiocordycipitaceae, Hypocreales) with superficial 
perithecia from Thailand. Studies in mycology 89: 125–142. https://doi.org/10.1016/j.
simyco.2018.02.001

Maharachchikumbura SSH, Hyde KD, Jones EG, McKenzie EH, Huang SK, Abdel-Wahab 
MA, Daranagama DA, Dayarathne M, D’souza MJ, Goonasekara ID, Hongsanan S, Ruvi-
shika SJ, Kirk PM, Konta S, Liu JK, Liu ZY, Norphanphoun C, Pang KL, Perera RH, Se-
nanayake IC, Shang QJ, Shenoy BD, Xiao YP, BahkaliJichuan AH, Kang JC, Somrothipol 
S, Suetrong S, Wen TC, Xu JC (2015) Towards a natural classification and backbone tree 
for Sordariomycetes. Fungal Diversity 72(1): 199–301. https://doi.org/10.1007/s13225-
015-0331-z

Maharachchikumbura SSN, Hyde KD, Jones EBG, McKenzie EHC, Bhat DJ, Dayarathne 
MC, Huang SK, Norphanphoun C, Senanayake IC, Perera RH, Shang QJ, Xiao YP, 

https://doi.org/10.1007/s13225-016-0366-9
https://doi.org/10.1007/s13225-016-0366-9
https://doi.org/10.1017/S0953756202006378
https://doi.org/10.1016/j.funbio.2011.03.002
https://doi.org/10.1016/j.simyco.2018.02.001
https://doi.org/10.1016/j.simyco.2018.02.001
https://doi.org/10.1007/s13225-015-0331-z
https://doi.org/10.1007/s13225-015-0331-z


Yuan-Pin Xiao et al.  /  MycoKeys 47: 53–74 (2019)72

D’souza MJ, Hongsanan S, Jayawardena RS, Daranagama DA, Konta S, Goonasekara ID, 
Zhuang WY, Jeewon R, Phillips AJL, Abdel-Wahab MA, Al-Sadi AM, Bahkali AH, Boon-
mee S, Boonyuen N, Cheewangkoon R, Dissanayake AJ, Kang JC, Li QR, Liu JK, Liu 
XZ, Liu ZY, Luangsa-ard JJ, Pang KL, Phookamsak R, Promputtha I, Suetrong S, Stadler 
M, Wen TC, Wijayawardene NN (2016) Families of Sordariomycetes. Fungal Diversity 79 
(1): 1–317. https://doi.org/10.1007/s13225-016-0369-6

Mains EB (1958) North American entomogenous species of Cordyceps. Mycologia 50(2): 169–
222. https://doi.org/10.2307/3756193

Miller MA, Pfeiffer W, Schwartz T (2010) Creating the CIPRES Science Gateway for inference 
of large phylogenetic trees. Gateway Computing Environments Workshop (GCE) 2010, 
1–8. https://doi.org/10.1109/GCE.2010.5676129

Möller A (1901) Phycomyceten und Ascomyceten. Untersuchungen aus Brasilien. Botanische 
Mittheilungen aus den Tropen 9: 1–319. https://doi.org/10.5962/bhl.title.31997

Nylander JA (2004) MrAIC [Internet] Available from: https://www.abc.se/~nylander/ [pro-
gram distributed by the author]

Petch T (1931) Notes on entomogenous fungi. Transactions of the British Mycological Society 
16(1): 55–75. https://doi.org/10.1016/S0007-1536(31)80006-3

Petch T (1932) Notes on entomogenous fungi. Transactions of the British Mycological Society 
16(4): 209–244. https://doi.org/10.1016/S0007-1536(32)80001-X

Quandt CA, Kepler RM, Gams W, Araújo JP, Ban S, Evans HC, Hughes D, Humber R, 
Hywel-Jones N, Li Z, Luangsa-Ard JJ, Rehner SA, Sanjuan T, Sato H, Shrestha B, Sung 
GH, Yao YJ, Zare R, Spatafora JW (2014) Phylogenetic-based nomenclatural proposals 
for Ophiocordycipitaceae (Hypocreales) with new combinations in Tolypocladium. IMA 
fungus 5(1): 121–134. https://doi.org/10.5598/imafungus.2014.05.01.12

Rannala B, Yang Z (1996) Probability distribution of molecular evolutionary trees: a new meth-
od of phylogenetic inference. Journal of Molecular Evolution 43(3): 304–311. https://doi.
org/10.1007/BF02338839

Ronquist F, Huelsenbeck JP (2003) MrBayes 3: Bayesian phylogenetic inference under mixed 
models. Bioinformatics 19(12): 1572–1574. https://doi.org/10.1093/bioinformatics/
btg180

Saccardo PA (1891) Sylloge Fungorum IX. 999.
Sanjuan TI, Franco-Molano AE, Kepler RM, Spatafora JW, Tabima J, Vasco-Palacios AM, 

Restrepo S (2015) Five new species of entomopathogenic fungi from the Amazon and 
evolution of neotropical Ophiocordyceps. Fungal Biology 119(10): 901–916. https://doi.
org/10.1016/j.funbio.2015.06.010

Schoch CL, Seifert KA, Huhndorf S, Robert V, Spouge JL, Levesque CA, Chen W, Bol-
chacova E, Voigt K, Crous PW, Miller AN (2012) Nuclear ribosomal internal tran-
scribed spacer (ITS) region as a universal DNA barcode marker for Fungi. Proceedings 
of the National Academy of Sciences 109(16): 6241–6246. https://doi.org/10.1073/
pnas.1117018109

Shrestha B, Sung GH, Sung JM (2017) Current nomenclatural changes in Cordyceps sensu lato 
and its multidisciplinary impacts. Mycology 8(4): 293–302. https://doi.org/10.1080/215
01203.2017.1386242

https://doi.org/10.1007/s13225-016-0369-6
https://doi.org/10.2307/3756193
https://doi.org/10.1109/GCE.2010.5676129
https://doi.org/10.5962/bhl.title.31997
https://www.abc.se/~nylander/
https://doi.org/10.1016/S0007-1536(31)80006-3
https://doi.org/10.1016/S0007-1536(32)80001-X
https://doi.org/10.5598/imafungus.2014.05.01.12
https://doi.org/10.1007/BF02338839
https://doi.org/10.1007/BF02338839
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1093/bioinformatics/btg180
https://doi.org/10.1016/j.funbio.2015.06.010
https://doi.org/10.1016/j.funbio.2015.06.010
https://doi.org/10.1073/pnas.1117018109
https://doi.org/10.1073/pnas.1117018109
https://doi.org/10.1080/21501203.2017.1386242
https://doi.org/10.1080/21501203.2017.1386242


Two new entomopathogenic species of Ophiocordyceps in Thailand 73

Simmons DR, Lund J, Levitsky T, Groden E (2015) Ophiocordyceps myrmicarum, a new species 
infecting invasive Myrmica rubra in Maine. Journal of Invertebrate Pathology 125: 23–30. 
https://doi.org/10.5598/imafungus.2015.06.02.06

Spatafora JW, Quandt CA, Kepler RM, Sung GH, Shrestha B, Hywel-Jones NL, Luangsa-ard 
JJ (2015) New 1F1N species combinations in Ophiocordycipitaceae (Hypocreales). IMA 
fungus 6(2): 357–362. https://doi.org/10.5598/imafungus.2015.06.02.07

Spatafora JW, Sung GH, Sung JM, Hywel‐Jones NL, White JJF (2007) Phylogenetic evidence 
for an animal pathogen origin of ergot and the grass endophytes. Molecular Ecology 16(8): 
1701–1711. https://doi.org/10.1111/j.1365-294X.2007.03225.x

Stamatakis A (2006) RAxML-VI-HPC: maximum likelihood-based phylogenetic analyses with 
thousands of taxa and mixed models. Bioinformatics 22(21): 2688–2690. https://doi.
org/10.1093/bioinformatics/btl446

Stamatakis A, Hoover P, Rougemont J (2008) A rapid bootstrap algorithm for the RAxML web serv-
ers. Systematic Biology 57(5): 758–771. https://doi.org/10.1080/10635150802429642

Sung GH, Spatafora JW, Zare R, Hodge KT, Gams WA (2001) A revision of Verticillium 
sect. Prostrata. II. Phylogenetic analyses of SSU and LSU nuclear rDNA sequences from 
anamorphs and teleomorphs of the Clavicipitaceae. Nova Hedwigia 72(3–4): 311–328.

Sung GH, Hywel-Jones NL, Sung JM, Luangsa-ard JJ, Shrestha B, Spatafora JW (2007a) Phy-
logenetic classification of Cordyceps and the clavicipitaceous fungi. Studies in Mycology 57: 
5–59. https://doi.org/10.3114/sim.2007.57.01

Sung GH, Sung JM, Hywel-Jones NL, Spatafora JW (2007b) A multi-gene phylogeny of Cla-
vicipitaceae (Ascomycota, Fungi): identification of localized incongruence using a combi-
national bootstrap approach. Molecular Phylogenetics and Evolution 44(3): 1204–1223. 
https://doi.org/10.1016/j.ympev.2007.03.011

Varughese T, Rios N, Higginbotham S, Arnold AE, Coley PD, Kursar TA, Gerwick WH, 
Rios LC (2012) Antifungal depsidone metabolites from Cordyceps dipterigena, an endo-
phytic fungus antagonistic to the phytopathogen Gibberella fujikuroi. Tetrahedron Letters 
53(13): 1624–1626. https://doi.org/10.1016/j.tetlet.2012.01.076

Vilgalys R, Hester M (1990) Rapid genetic identification and mapping of enzymatically am-
plified ribosomal DNA from several Cryptococcus species. Journal of Bacteriology 172(8): 
4238–4246. https://doi.org/10.1128/jb.172.8.4238-4246.1990

Wen TC, Xiao YP, Li WJ, Kang JC, Hyde KD (2014) Systematic analyses of Ophiocordyceps ra-
mosissimum sp. nov., a new species from a larvae of Hepialidae in China. Phytotaxa 161(3): 
227–234. https://doi.org/10.11646/phytotaxa.161.3.6

Wen TC, Zhu RC, Kang JC, Huang MH, Tan DB, Ariyawansha H, Hyde KD, Liu H (2013) 
Ophiocordyceps xuefengensis sp. nov. from larvae of Phassus nodus (Hepialidae) in Hunan Prov-
ince, southern China. Phytotaxa 123(1): 41–50. https://doi.org/10.11646/phytotaxa.123.1.2

White TJ, Bruns T, Lee SJ, Taylor JL (1990) Amplification and direct sequencing of fungal 
ribosomal RNA genes for phylogenetics. In: Innis M, Gelfand D, Sninsky J, White T (Eds) 
PCR Protocols: A guide to Methods and Applications. Academic Rress, San Diego 18(1): 
315–322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Wijayawardene NN, Hyde KD, Rajeshkumar KC, Hawksworth DL, Madrid H, Kirk PM, 
Braun U, Singh RV, Crous PW, Kukwa M, Lücking R, Kurtzman CP, Yurkov A, Haelewa-

https://doi.org/10.5598/imafungus.2015.06.02.06
https://doi.org/10.5598/imafungus.2015.06.02.07
https://doi.org/10.1111/j.1365-294X.2007.03225.x
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1080/10635150802429642
https://doi.org/10.3114/sim.2007.57.01
https://doi.org/10.1016/j.ympev.2007.03.011
https://doi.org/10.1016/j.tetlet.2012.01.076
https://doi.org/10.1128/jb.172.8.4238-4246.1990
https://doi.org/10.11646/phytotaxa.161.3.6
https://doi.org/10.11646/phytotaxa.123.1.2
https://doi.org/10.1016/B978-0-12-372180-8.50042-1


Yuan-Pin Xiao et al.  /  MycoKeys 47: 53–74 (2019)74

ters D, Aptroot A, Lumbsch HT, Timdal E, Ertz D, Etayo J, Phillips AJL, Groenewald JZ, 
Papizadeh M, Selbmann L, Dayarathne MC, Weerakoon G, Jones EBG, Suetrong S, Tian 
Q, Castañeda-Ruiz RF, Bahkali AH, Pang KL, Tanaka K, Dai DQ, Sakayaroj J, Hujslová 
M, Lombard L, Shenoy BD, Suija A, Maharachchikumbura SSN, Thambugala KM, Wa-
nasinghe DN, Sharma BO, Gaikwad S, Pandit G, Zucconi L, Onofri S, Egidi E, Raja HA, 
Kodsueb R, Cáceres MES, Pérez-Ortega S, Fiuza PO, Monteiro JS, Vasilyeva LN, Shivas 
RG, Prieto M, Wedin M, Olariaga I, Lateef AA, Agrawal Y, Fazeli SAS, Amoozegar MA, 
Zhao GZ, Pfliegler WP, Sharma G, Oset M, Abdelwahab MA, Takamatsu S, Bensch K, De 
Silva NI, De Kesel A, Karunarathna A, Boonmee S, Pfister DH, Lu YZ, Luo ZL, Boony-
uen N, Daranagama DA, Senanayake IC, Jayasiri SC, Samarakoon MC, Zeng XY, Doilom 
M, Quijada L, Rampadarath S, Heredia G, Dissanayake AJ, Jayawardana RS, Perera RH, 
Tang LZ, Phukhamsakda C, Hernándezrestrepo M, Ma XY, Tibpromma S, Gusmao LFP, 
Weerahewa D, Karunarathna SC (2017) Notes for genera: Ascomycota. Fungal diversity 
86(1): 1–594. https://doi.org/10.1007/s13225-017-0386-0

Wijayawardene NN, Hyde KD, Lumbsch HT, Liu JK, Maharachchikumbura SS, Ekanayaka 
AH, Tian Q, Phookamsak R (2018) Outline of Ascomycota – 2017. Fungal Diversity, 
88(1): 167–263. https://doi.org/10.1007/s13225-018-0394-8

Xiao YP, Wen TC, Hongsanan S, Sun JZ, Hyde KD (2017) Introducing Ophiocordyceps thana-
thonensis, a new species of entomogenous fungi on ants, and a reference specimen for O. 
pseudolloydii. Phytotaxa 328(2): 115–126. https://doi.org/10.11646/phytotaxa.328.2.2

Zhang WM, Wang L, Tao MH, Chen YQ, Qu LH (2007) Two species of Cordyceps simultane-
ously parasitic on a larva of Lepidoptera. Mycosystema 26: 7–21.

Zhaxybayeva O, Gogarten JP (2002) Bootstrap, Bayesian probability and maximum likelihood 
mapping: exploring new tools for comparative genome analyses. BMC Genomics 3(1): 4. 
https://doi.org/10.1186/1471-2164-3-4

https://doi.org/10.1007/s13225-017-0386-0
https://doi.org/10.1007/s13225-018-0394-8
https://doi.org/10.11646/phytotaxa.328.2.2
https://doi.org/10.1186/1471-2164-3-4

	Two new entomopathogenic species of Ophiocordyceps in Thailand
	Abstract
	Introduction
	Methods
	Collection, isolation, and morphology study
	DNA extraction, PCR amplification and determination of DNA sequences
	Phylogenetic analyses

	Results
	Molecular phylogeny
	Taxonomy
	Ophiocordyceps globiceps Y.P. Xiao, T.C. Wen & K.D. Hyde, sp. nov.
	Ophiocordyceps sporangifera Y.P. Xiao, T.C. Wen & K.D. Hyde, sp. nov.

	Discussion
	Acknowledgements
	References

