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Paracremonium lepidopterorum, a new insect-associated fungus
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Abstract

During a survey of entomopathogenetic fungi from Southwest China, a new species, Paracremonium lepidopterorum was 
isolated from a pupa. It differs from other Paracremonium species by its shorter cylindrical phialides and absence of slimy 
head of conidia and chlamydospores. Phylogenetic analyses based on the combined datasets of ITS+LSU+TUB confirmed 
that P. lepidopterorum is distinct from other species. The new species is formally described and illustrated, and compared to 
similar species.
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Introduction

The genus Paracremonium was established with the type species P. inflatum L. Lombard & Crous and P. contagium 
L. Lombard & Crous (Lombard et al. 2015). The typical characteristics of Paracremonium were reported to be the 
formation of sterile coils from which conidiophores radiate, and inconspicuously swollen septa in the hyphae. However, 
Lynch et al. (2016) reported a new insect-associated species P. pembeum S.C. Lynch & Eskalen, which lacked the 
sterile coils and swollen septa. An additional five species have been described, P. binnewijzendii Houbraken, van der 
Kleij & L. Lombard, P. variiforme Z.F. Zhang, F. Liu & L. Cai, P. moubasheri Al-Bedak & M.A. Ismail, P. apiculatum 
Z.F. Zhang & L. Cai and P. ellipsoideum Z.F. Zhang & L. Cai (Crous et al. 2017, Zhang et al. 2017, 2020, Al-Bedak 
et al. 2019). 
 Paracremonium species are widely distributed and have diverse habitats. Paracremonium inflatum and P. 
contagium were associated with human infections (Lombard et al. 2015). Paracremonium pembeum was isolated 
from the ambrosia beetle Euwallacea sp. as a fungal symbiont (Lynch et al. 2016). Paracremonium apiculatum, P. 
binnewijzendii and P. moubasheri were isolated from the soil of Sanjiao Cave, the soil of a stream embankment and 
an alkaline mud sample, respectively (Zhang et al. 2020, Crous et al. 2017, Al-Bedak et al. 2019). Paracremonium 
ellipsoideum and P. variiforme were isolated from sewage within Sanjiao Cave and from water in a karst cave, 
respectively (Zhang et al. 2017, 2020). 
 During a survey of entomopathogenetic fungi from Southwest China, a new Paracremonium species was found. 
It is described and illustrated as P. lepidopterorum. 
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Materials and methods

Specimen collection and identification

The fungus-infected insect specimens were collected from Duyun County (26°21′27.96″N, 107°22′48.22″E), Guizhou 
Province, on October 1, 2019. Isolation of the fungi was done as described by Chen et al. (2019). The surface of the 
specimens was rinsed with sterile water, followed by surface sterilization with 75% ethanol for 3–5 s. A part of the 
insect body was cut off and inoculated with haemocoel on potato dextrose agar (PDA) and on PDA to which 1% w/v 
peptone (PDAP) had been added. Fungal colonies emerging from specimens were isolated and cultured at 22 °C for 
14 d under 12 h light/12 h dark conditions following protocols described by Zou et al. (2010). Accordingly, strains 
DY10351 and DY10352 were obtained. The specimens and the isolated strains were deposited in the Institute of 
Fungus Resources, Guizhou University (formally Herbarium of Guizhou Agricultural College; code, GZAC), Guiyang 
City, Guizhou, China.
 Macroscopic and microscopic morphological characteristics of the fungi were examined and growth rates 
determined from PDA cultures incubated at 25 °C for 14 d. Hyphae and conidiogenous structures were mounted 
in lactophenol cotton blue or 20% lactate solution and observed with an optical microscope (OM, DM4 B, Leica, 
Germany).

DNA extraction, PCR amplification and nucleotide sequencing

DNA extraction was carried out in accordance with Liang et al. (2011). The extracted DNA was stored at −20 °C. The 
β-tubulin gene (TUB) was amplified using Bt2a/Bt2b primers according to Glass & Donaldson (1995). The internal 
transcribed spacer (ITS) region and large subunit ribosomal RNA (LSU) genes were amplified by PCR using ITS4/
ITS5 and LROR/ LR5, which was described by White et al. (1990). PCR products were purified using the UNIQ-10 
column PCR products purification kit (no. SK1141; Sangon Biotech (Shanghai) Co., Shanghai, China) in accordance 
with the manufacturer’s protocol and sequenced at Sangon Biotech (Shanghai) Co. The resulting sequences were 
submitted to GenBank.

Sequence alignment and phylogenetic analyses

The DNA sequences generated in this study were assembled and edited using Lasergene software (version 6.0, 
DNASTAR). Generated ITS, LSU and TUB sequences were aligned with those published by Lombard et al. (2015), 
Lynch et al. (2016), Crous et al. (2017), Zhang et al. (2017), Al-Bedak et al. (2019), Zhang et al. (2020) and others 
selected on the basis of BLAST algorithm-based searches in GenBank. Nalanthamala vermoesenii (Biourge) Schroers 
(isolates CBS 110893 and CBS 230.48) was chosen as outgroup taxon. Multiple datasets of ITS, LSU and TUB were 
aligned using MAFFT v7.037b (Katoh & Standley 2013) and alignments were edited with MEGA6 (Tamura et al. 
2013). Sequences were concatenated with SequenceMatrix v.1.7.8 (Vaidya et al. 2011). Partition homogeneity test in 
PAUP4.0b10 (Swofford 2002) was done by using the command ‘hompart’.
 Maximum likelihood (ML) analyses were constructed with RAxMLGUI (Silvestro & Michalak 2012). The 
GTRGAMMA model was used for all partitions, in accordance with recommendations in the RAxML manual against 
the use of invariant sites. For Bayesian inference (BI), a Markov chain Monte Carlo (MCMC) algorithm was used to 
generate phylogenetic trees with Bayesian probabilities using MrBayes v.3.2 (Ronquist et al. 2012) for the combined 
sequence datasets. The selection of the best-fit nucleotide substitution model for each locus was calculated by the 
Akaike Information Criterion (AIC) with jModelTest 2 (Darriba et al. 2012). The GTR+I+G model was selected 
for the concatenated ITS+LSU+TUB sequences. The Bayesian analysis resulted in 20,001 trees after 10,000,000 
generations. The first 4,000 trees, representing the burn-in phase of the analyses were discarded, while the remaining 
16,001 trees were used for calculating posterior probabilities in the majority rule consensus tree. After the analysis was 
finished, each run was examined using the program Tracer v1.5 (Drummond & Rambaut 2007) to determine burn-in 
and confirm that both runs had converged. The final alignment is available from TreeBASE under submission ID: 
26945 (http://www.treebase.org).
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Results

Phylogenetic analyses

The phylogenetic tree was generated from the ML and BI analysis on the ITS+LSU +TUB datasets. Statistical support 
(≥ 50%/0.5) is shown at the nodes for ML bootstrap support/BI posterior probabilities (Fig. 1). The strain numbers are 
noted after the name of each species. The concatenated sequences included 12 taxa, and consisted of 1,376 characters 
(ITS: 502, LSU: 672 and TUB: 202) with gaps. 

FIguRe 1. Phylogenetic analysis of Paracremonium lepidopterorum and related species based on combined partial ITS+LSU+TUB 
sequences. Statistical support values (≥50%) are shown at nodes, and presented as bootstrap values/Bayesian posterior probabilities.

 The RAxML analysis of the combined dataset (ITS+LSU+TUB) yielded the highest scoring tree (Fig. 1) with a 
final ML optimization likelihood value of –5,087.254791. Parameters for the GTR model of the concatenated data set 
was as follows: estimated base frequencies; A = 0.224525, C = 0.271212, G = 0.277793, T = 0.226470; substitution 
rates AC = 0.845458, AG = 1.562294, AT = 1.081924, CG = 0.806079, CT = 3.892737, GT = 1.000000; gamma 
distribution shape parameter α = 0.334304. In the phylogenetic tree (Fig. 1), P. lepidopterorum clustered with P. 
contagium and P. pembeum in a subclade and formed an independent branch. 

Paracremonium lepidopterorum D.Q. Ming, W.H. Chen, Y.F. Han & Z.Q. Liang sp. nov. (Fig. 2) Mycobank No.: MB 837492
Type:—CHINA. Guizhou Province: Duyun City, Doupeng Mountain (26°21′27.96″N, 107°22′48.22″E), on a pupa, 1 October 2019, 

Wanhao Chen, holotype GZAC DY1035; ex-type culture GZAC DY10351. Sequences from the strain DY10351 have been deposited 
in GenBank with accession numbers: ITS=MW000352, LSU=MW000470, TUB=MW015086.
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FIguRe 2. Paracremonium lepidopterorum. A. Infected pupa. B–C. Culture on PDA, showing the top (B) and the underside (C). D–I. 
Phialides and conidia formed on PDA. J. Conidia formed on PDA. Scale bars: B, C = 10 mm, D–J = 10 μm. 

Colonies on PDA, attaining a diameter of 23–25 mm after 14 days at 25 °C, white to yellowish, thin, reverse yellowish. 
Hyphae septate, hyaline, smooth-walled, 1.4–1.5 μm wide. Conidiophores mononematous, hyaline, smooth-walled, 
with whorls of 2–6 phialides, or penicillium-like from hyphae directly. Phialides 5.4–8.5 × 2.8–3.3 μm, consisting of a 
cylindrical, somewhat inflated base, tapering to a thin neck. Conidia hyaline, smooth-walled, mostly fusiform, 4.4–5.9 
× 2.6–3.0 μm, forming divergent and basipetal chains. Chlamydospores not observed. In culture both phialides and 
conidia are of similar general shape and size to those found on the pupa.
 etymology:—referring to the fungus colonizing pupa in the order Lepidoptera.
 Additional materials examined:—CHINA. Guizhou Province: Qiannan Buyi and Miao Autonomous Prefecture, 
Duyun City, Doupeng mountain (26°21′27.96″N, 107°22′48.22″E), on a pupa, 1 October 2019, Wanhao Chen 
(DY10352), Sequences from this strain have been deposited in GenBank with accession numbers: ITS=MW000462, 
LSU=MW000667, TUB=MW015087.
 Known distribution:—Duyun, Qiannan Buyi and Miao Autonomous Prefecture, Guizhou Province, China.

Discussion

Phylogenetic analyses based on the combined dataset of ITS+LSU+TUB suggests that strains DY10351 and DY10352 
belong to the genus Paracremonium. When compared with the typical characteristics of Paracremonium species 
(Table 1), strain DY10351 was similar to P. apiculatum and P. variiforme in that all three species lack chlamydospores 
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and a slimy head of conidia. Strain DY10351 can be distinguished from P. apiculatum and P. variiforme by having 
cylindrical phialides and fusiform conidia. Thus, strain DY10351 is described here as a new species, Paracremonium 
lepidopterorum.
 Phylogenetic analyses of Paracremonium have been previously based on acl1, act, cmdA, his3, ITS, LSU, RPB1, 
RPB2, TEF and TUB genes (Lombard et al. 2015). Some of these sites were applied in the taxonomy of Paracremonium 
(Lynch et al. 2016, Crous et al. 2017, Zhang et al. 2017, 2020, Al-Bedak et al. 2019). The loci ITS, LSU and TUB 
were applied in the present study. Concatenated analyses of (ITS+LSU+TUB) produced ML and Bayesian trees that 
were largely congruent. The majority of branches were strongly supported in both analyses. The two strains of P. 
lepidopterorum clustered together, and have a close relationship with P. contagium and P. pembeum. However, P. 
lepidopterorum can be distinguished from these two species by having shorter cylindrical phialides and absence of a 
slimy head of conidia. Therefore, molecular phylogenetic results supported the morphologically base   d conclusion 
that P. lepidopterorum is a new species.

TABLe 1. Morphological comparison of all Paracremonium species.

Species

Morphological characteristics

References
Conidiogenous
cells/phialides (μm)

Conidia heads Conidia (μm) Chlamydospores

Paracremonium 
apiculatum

Acicular, 14–24 × 1.5–3.0 Absent Subglobose to globose, 3.5–5.0 wide Absent Zhang et al. 2020

P. binnewijzendii
Subcylindrical, (17.5–)30–
55(–65) × 1.5–3

Present
Ellipsoidal to fusoid, occasionally curved 
(6–)7–11(–13) × (1.5–)2.5–3.5(–4.5)

Absent Crous et al. 2017

P. contagium
Elongate ampulliform, 
25–50 × 2–3

Present
Ellipsoidal to fusiform, slightly to 
strongly curved, 4–6(–7) × 2–3

Absent Lombard et al. 2015

P. ellipsoideum Acicular, 22–38 × 2.5–3.5 Present Ellipsoidal, 5.5–8.0 × 3.5–5.0 Absent Zhang et al. 2020

P. inflatum
Elongate ampulliform, 
20–85 × 2–4

Present
Ellipsoidal to fusiform, slightly to 
strongly curved, 5–6 × 1–2

Absent Lombard et al. 2015

P. lepidopterorum
Cylindrical, 5.4–8.5 × 
2.8–3.3

Absent Fusiform, 4.4–5.9 × 2.6–3.0 Absent This study

P. moubasheri
Elongate-ampulliform, 
1–1.5 wide

Present Fusiform, (7–)10–12(–16) × 2–3 Present
Al-Bedak et al. 
2019

P. pembeum (14.0–)31.0–41.5 long Present
Globose to ellipsoidal, (3.0–)4.5–7.0 × 
(0.5–)1.0–2.5

Present Lynch et al. 2016

P. variiforme
Elongate-ampulliform, 
18–41 × 2–3.5

Absent Clavate, ovoid or elliptical, 9–14.5 × 4–6 Absent Zhang et al. 2017
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