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Abstract

A new species, Blackwellomyces larvatus, is described and illustrated from Guizhou, representing the first record of 
Blackwellomyces in this region. This species belongs to the family Cordycipitaceae and was discovered parasitizing a 
lepidopteran larva. It is characterized by orange stromata and the production of a light purple pigment that diffuses into 
the medium when cultured on potato dextrose agar. Phylogenetic analyses based on a multi-gene dataset indicate that B. 
larvatus is phylogenetically close to B. kaihuaensis but forms a distinct lineage, providing support for its recognition as a 
novel species.

Key words: 1 new species, Cordycipitaceae, morphology, phylogenetic analyses

Introduction

Blackwellomyces is a genus of entomopathogenic fungi placed in Cordycipitaceae, Hypocreales, Sordariomycetidae, 
Sordariomycetes (Hyde et al. 2024) that primarily infects arthropod larvae, particularly lepidoptera (Hyde et al. 2019, 
Chuang et al. 2024). Since Blackwellomyces was segregated from Cordyceps, ten species have been accommodated, 
including six taxa recorded from Thailand (B. aurantiacus, B. calendulinus, B. lateris, B. minutus, B. pseudomilitaris, 
B. roseostromatus) (Hywel-Jones 1994, Schoch et al. 2012, Kepler et al. 2017, Hyde et al. 2019, Mongkolsamrit et 
al. 2020); and one each from Taiwan (B. taiwanensis), Yunnan (B. changningensis) and Zhejiang (B. kaihuaensis) in 
China (Li et al. 2023, Chuang et al. 2024, Ma et al. 2024); and B. cardinalis (type), which has been recorded in USA, 
Japan, Republic of Korea and Sichuan Province in China (Kepler et al. 2017). Blackwellomyces typically produces 
yellow or orange ascostromata and filiform multi-septate ascospores that do not break into part-spores upon maturity, 
distinguishing it from other members of Cordycipitaceae (Kepler et al. 2017). The asexual morph of this genus is 
usually acremonium-like, evlachovaea-like or mariannaea-like (Mongkolsamrit et al. 2020) and their colonies form 
dense white mycelia on potato dextrose agar (PDA) (Ma et al. 2024). Some colonies (e.g., of B. roseostromatus) 
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produce reddish pigments, which typically readily diffuse into the medium (Sung & Spatafora 2004, Mongkolsamrit 
et al. 2020, Li et al. 2023, Ma et al. 2024). 
	 Guizhou is a major vegetable-producing region in China, known for its large-scale cultivation of peppers and 
beans, which are often affected by lepidopteran pests. In this study, we report the first collection of a Blackwellomyces 
species from lepidopteran larvae in Guizhou. We provide a comprehensive description of this species and infer its 
phylogeny using Bayesian inference (BI) and maximum likelihood (ML) analyses, based on a concatenated dataset of 
ITS, LSU, SSU, rpb1, rpb2, and tef1-α sequences. The results indicate that following the guidelines of Jayawardena et 
al. (2021), the collected specimen represents a new member of Blackwellomyces, which we have named B. larvatus.

Materials & methods

Sample collection, morphological studies and isolation

The samples were collected from soil of a mixed forest in Dabanshui Mountain, Zunyi, Guizhou, China, on 21 July 
2024, and brought to the laboratory in sealed plastic boxes. The specimens were examined using a Nikon SMZ800N 
stereomicroscope, and images were taken with a DS-2000 camera, while ImageView was applied to record and measure 
data. Micromorphological features were examined using a Nikon ECLIPSE Ni compound microscope, and images 
were taken with a Nikon Digital Sight 10 camera. Measurements were performed using the NIS Elements program 
version 5.42.02. The photoplates were processed with Adobe Photoshop 2021 software (Adobe Systems, USA). The 
specimens were deposited in the Herbarium of Kunming Institute of Botany, Chinese Academy of Sciences (HKAS). 
To obtain a pure culture, a portion of the fruiting body was excised, immersed in 30% hydrogen peroxide for 10–20 
seconds, gently rinsed with sterile water, and divided into 3–5 segments using a sterile scalpel. These segments were 
then inoculated onto PDA medium and incubated at room temperature (28 ± 5 °C) for 7–14 days (Wei et al. 2022). 
The cultures were deposited at Kunming Institute of Botany Culture Collection (KUNCC). Facesoffungi and Index 
Fungorum numbers were obtained following the methods of Jayasiri et al. (2015) and Index Fungorum (2025).

DNA extraction, PCR amplification and sequencing 

A small amount of mycelium was scraped from the pure culture into a 1.5 mL centrifuge tube, and DNA was extracted 
using Ezup Column Fungi Genomic DNA Purification Kit (Sangon Biotech) following the instructions of the 
manufacturer. To amplify the ribosomal internal transcribed spacer (ITS) region, the primer pair ITS4 and ITS5 was 
used (White et al. 1990). The ribosomal small (18S) and large (28S) subunits were amplified using primer pairs NS4 
and NS1 (White et al. 1990) and LR5 and LR0R (Vilgalys & Hester 1990), respectively. The largest and second-largest 
subunit sequences of RNA polymerase II (rpb1 and rpb2) were amplified using primer pairs RPB1-Af and RPB1-Cr 
(Matheny 2005) and RPB2-5f and RPB2-7cR (Liu et al. 1999), respectively. The translation elongation factor 1-α 
(tef1-α) was amplified using primer pairs EF1-983 and EF1-2218 (Sung et al. 2007b). The PCR profiles were as 
follows: an initial denaturation at 98 °C for 2 min, followed by 35 cycles of denaturation at 98 °C for 10 sec, annealing 
at 56 °C (ITS) or 55 °C (LSU/SSU/rpb2/tef1-α) or 50 °C (rpb1) for 1 min and extension at 72 °C for 10 sec, with a final 
extension at 72 °C for 2 min. The PCR products were sent to a commercial sequencing provider (Tsingke Company, 
Beijing, P.R. China) and sequenced using the primers mentioned above.

Phylogenetic analysis

DNA sequences were first analyzed using BioEdit v. 7.7.1 software to assess sequence quality and subsequently 
submitted to BLASTn on the NCBI website (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Relevant species and outgroup 
sequences were selected based on previous studies (Mongkolsamrit et al. 2020, Huang et al. 2021, Li et al. 2023, Ma 
et al. 2024, Phutthacharoen et al. 2024) and downloaded from GenBank for constructing multiple sequence alignments 
(Table 1). Multiple sequence alignments were performed using MAFFT v. 7.409 (http://mafft.cbrc.jp/) with default 
settings and manually refined using BioEdit v. 7.2.5 software.
	 Phylogenetic analyses were conducted using maximum likelihood (ML) for all individual and combined loci 
(results of individual gene analyses are not presented), while Bayesian inference (BI) was used only for combined 
gene analyses. For ML analysis, the optimal substitution model for each gene region was determined using the 
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model selection criteria available in IQ-TREE v. 1.6.12, based on the Akaike information criterion (AIC) (ITS/tef1-
α: TN+F+G4; LSU: TN+F+I+G4; SSU: TNe+I; rpb1: TN+F+I+G4; rpb2: TIMe+I+G4). The ML tree was inferred 
using the ultrafast bootstrap algorithm in IQ-TREE with concatenated datasets, and 1,000 bootstrap replicates were 
performed. Maximum likelihood bootstrap (BS) values ≥ 70% are indicated at each node (Nguyen et al. 2015).
	 For BI analysis, the optimal evolutionary model was determined under AIC using MrModeltest v. 2.3 (ITS/LSU/
tef1-α: GTR+I+G; rpb1/rpb2/SSU: SYM+I+G) (Nylander 2004). BI trees were generated using MrBayes v. 3.2.7 
(Ronquist & Huelsenbeck 2003) based on the optimal criteria for each partition. As part of the burn-in procedure, all 
sampled topologies below the asymptote (25%) were discarded. The computation stopped when the ‘average standard 
deviation of split frequencies’ reached 0.01, and the remaining trees were used to calculate posterior probabilities (PP) 
in a majority-rule consensus tree. PP values ≥ 0.90 are indicated below or above each node (Fig. 1). Phylogenetic 
trees and data files were visualized using FigTree v. 1.4.4. (http://tree.bio.ed.ac.uk/software/figtree/) and processed by 
Adobe Illustrator 2020 (Adobe Systems, USA).

Results

Phylogeny

This study applied a six-gene concatenated dataset for the phylogenetic reconstruction of the genus Blackwellomyces 
in Cordycipitaceae, comprising 48 taxa and a total of 4642 nucleotide positions (ITS: 461 bp; LSU: 792 bp; SSU: 
944 bp; rpb1: 573 bp; rpb2: 1017 bp; tef1-α: 855 bp). Two strains of Purpureocillium lilacinum (CBS 284.36 and 
CBS 431.87) in the family Ophiocordycipitaceae were chosen as the outgroup. Despite slight differences in statistical 
support for certain branches, the topologies revealed by ML and BI were almost identical (Fig. 1). The monophyly of 
the genus Blackwellomyces is strongly supported (BS = 100%, PP = 1.00). In the phylogenetic tree (Fig. 1), the new 
collections from Guizhou (KUNCC 25-19105 and KUNCC 25-19106) are grouped together with B. kaihuaensis Yi Li, 
X.C. Zhao, A. Xu & W.F. Lin, collected from Zhejiang province, China.

TABLE 1. Strains and GenBank accession numbers of the isolates used in this study. Isolates from this study are in bold. Ex-type cultures 
are indicated by T while − indicates absent.

Species Voucher/Culture
GenBank accession number

References
ITS nrLSU nrSSU rpb1 rpb2 tef1-α

Akanthomyces aculeatus TS772 KC519371 KC519370 KC519368 − − KC519366 Sanjuan et al. (2014)

Aka. aculeatus HUA 186145 T − MF416520 MF416572 − − MF416465 Kepler et al. (2017)

Ascopolyporus 
polychrous

P.C. 546 − DQ118737 − DQ127236 − DQ118745 Chaverri et al. (2005)

Asc. villosus ARSEF 6355 − AY886544 − DQ127241 − DQ118750
Chaverri et al. (2005) 
Bischoff et al. (2005)

Beauveria bassiana ARSEF 1564 T HQ880761 − − HQ880833 HQ880905 HQ880974 Rehner et al. (2011)

Bea. bassiana ARSEF 7518 HQ880762 − − HQ880834 HQ880906 HQ880975 Rehner et al. (2011)

Blackwellomyces 
aurantiacus 

BCC 85060 T MT000692 MT003028 − MK411600 MT017819 MK411598 Mongkolsamrit et al. (2020)

Bla. aurantiacus BCC 85061 MT000693 MT003029 − MK411601 MT017820 MK411599 Mongkolsamrit et al. (2020)

Bla. calendulinus BCC 68500 MT000694 MT003030 − MT017802 MT017821 MT017842 Mongkolsamrit et al. (2020)

Bla. calendulinus BCC 68502 T MT000695 MT003031 − MT017803 MT017822 MT017843 Mongkolsamrit et al. (2020)

Bla. cardinalis OSC 93610 JN049843 AY184963 AY184974 EF469088 EF469106 EF469059
Sung & Spatafora (2004), 
Sung et al. (2007a)
Kepler et al. (2012)

Bla. cardinalis CBS 113411 MH862928 MH874496 NG_013131 − − − Vu et al. (2019)

Bla. cardinalis OSC 93609 T − AY184962 AY184973 DQ522370 DQ522422 DQ522325
Sung & Spatafora (2004)
Spatafora et al. (2007)

......continued on the next page
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TABLE 1. (Continued)

Species Voucher/Culture
GenBank accession number

References
ITS nrLSU nrSSU rpb1 rpb2 tef1-α

Bla. changningensis YFCC 9250 T PP568073 OR492316 OR492002 OR588131 OR637359 OR608508 Ma et al. (2024)

Bla. changningensis YFCC 9251 PP568074 OR492314 OR492000 OR588132 − OR608509 Ma et al. (2024)

Bla. changningensis YFCC 9252 PP568075 OR492315 OR492001 OR588133 OR637358 OR608510 Ma et al. (2024)

Bla. kaihuaensis HMAS 285455 T OQ981961 OQ981968 OQ981975 OQ980409 OQ980408 OQ980401 Li et al. (2023)

Bla. kaihuaensis HMAS 285456 OQ981962 OQ981969 OQ981976 OQ980410 − OQ980402 Li et al. (2023)

Bla. larvatus H002-1 PQ816945 PQ826422 PQ826406 PQ868080 PQ868082 PQ868078 this study

Bla. larvatus H002-2 PQ826404 PQ826423 PQ826407 PQ868081 PQ868083 PQ868079 this study

Bla. lateris MFLU 18-0663 T MK086059 MK086061 MK086057 MK084615 MK079354 MK069471 Hyde et al. (2019)

Bla. minutus BCC 88269 T MT000696 MT003032 − MT017804 MT017823 MT017844 Mongkolsamrit et al. (2020)

Bla. pseudomilitaris BCC 1919 T − MF416534 MF416588 − MF416440 MF416478 Kepler et al. (2017)

Bla. pseudomilitaris BCC 2091 − MF416535 MF416589 − MF416441 MF416479
Kepler et al. (2017) 
Hywel-Jones (1994)

Bla. pseudomilitaris NBRC 101409 JN943305 JN941393 JN941748 JN992482 − − Schoch et al. (2012)

Bla. pseudomilitaris NBRC 101410 JN943307 JN941394 JN941747 JN992481 − − Schoch et al. (2012)

Bla. roseostromatus BCC 91358 T MT000697 MT003033 − MT017805 MT017824 MT017845 Mongkolsamrit et al. (2020)

Bla. roseostromatus BCC 91359 MT000698 MT003034 − MT017806 MT017825 MT017846 Mongkolsamrit et al. (2020)

Bla. roseostromatus BCC 91360 MT000699 MT003035 − MT017807 MT017826 MT017847 Mongkolsamrit et al. (2020)

Bla. taiwanensis NTUPPMCC 20-068 MT974227 MT974411 − − MW200251 − Chuang et al. (2024)

Bla. taiwanensis
NTUPPMCC 20-
071 T

MT974225 MT974409 − MW200246 MW200250 MW200242 Chuang et al. (2024)

Bla. taiwanensis NTUPPMCC 20-072 MT974226 MT974410 − − − − Chuang et al. (2024)

Cordyceps jakajanicola BCC 79816 T − MN275696 − MN338484 MN338489 MN338479 Mongkolsamrit et al. (2020)

C. jakajanicola BCC 79817 − MN275697 − MN338485 MN338490 MN338480 Mongkolsamrit et al. (2020)

C. lepidopterorum TBRC 7263 T MF140765 MF140699 − MF140768 MF140792 MF140819 Mongkolsamrit et al. (2018)

C. lepidopterorum TBRC 7264 MF140766 MF140700 − MF140769 MF140793 MF140820 Mongkolsamrit et al. (2018)

C. militaris YFCC 6587 − MN576818 MN576762 MN576878 MN576932 MN576988 Wang et al. (2020)

C. militaris YFCC 5840 − MN576819 MN576763 MN576879 MN576933 MN576989 Wang et al. (2020)

C. neopruinosa BCC 91361 T MT000711 MT003047 − − MT017838 MT017858 Mongkolsamrit et al. (2020)

C. neopruinosa BCC 91362 MT000712 MT003048 − MT017818 MT017839 MT017859 Mongkolsamrit et al. (2020)

Lecanicillium psalliotae CBS 532.81 MH861374 AF339560 AF339609 EF469096 EF469112 EF469067 Sung et al. (2001), (2007a)

L. psalliotae CBS 101270 − AF339558 AF339607 EF469095 EF469113 EF469066 Sung et al. (2001), (2007a)

Neotorrubiella 
chinghridicola

BCC 39684 − MK632096 MK632122 MK632181 MK632148 MK632071 Thanakitpipattana et al. (2020)

N. chinghridicola BCC 80733 − MK632097 MK632121 MK632176 MK632149 MK632072 Thanakitpipattana et al. (2020)

Purpureocillium 
lilacinum

CBS 431.87 HQ842812 EF468844 − EF468897 EF468940 EF468791
Sung et al. (2007a) 
Luangsa-ard et al. (2011)

P. lilacinum CBS 284.36 T MH855800 FR775484 − EF468898 EF468941 EF468792
Sung et al. (2007a) 
Vu et al. (2019)

Samsoniella aurantia TBRC 7271 T MF140764 MF140728 − MF140791 MF140818 MF140846 Mongkolsamrit et al. (2018)

Sam. aurantia TBRC 7272 MF140763 MF140727 − − MF140817 MF140845 Mongkolsamrit et al. (2018)

Simplicillium 
lanosoniveum

CBS 101267 − − AF339603 DQ522405 DQ522463 DQ522357
Sung et al. (2001)
Spatafora et al. (2007) 

Sim. lanosoniveum CBS 704.86 AJ292396 AF339553 AF339602 DQ522406 DQ522464 DQ522358
Sung et al. (2001)
Spatafora et al. (2007) 
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FIGURE 1. Maximum likelihood phylogenetic tree generated from analysis of a combined ITS, LSU, SSU, rpb1, rpb2 and tef1-α sequences 
dataset. ML support values greater than 70% (BS, left) and Bayesian posterior probabilities greater than 0.90 (PP, right) are indicated near 
the nodes. The strain numbers are noted after the species names. Isolates from this study are indicated in bold. T: type strains.

Taxonomy

Blackwellomyces larvatus S.K. Huang & K.D. Hyde sp. nov. (Fig. 2)
Index Fungorum IF 903426 , Facesoffungi FoF 17341
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FIGURE 2. Blackwellomyces larvatus (HKAS 145947, holotype). a. Habitat of sampling site. b. Stromata produced on host buried in the 
soil. c. Appearance of fungus on lepidopteran larvae. d–e. Fertile part of stroma. f. Stroma in vertical section. g. Peridium. h–l. Asci. m–n. 
Colony on PDA (m obverse, n reverse). o–q. Phialides with conidia. r. Conidia. Notes: g–h, j–k stained in cotton blue reagent. Scale bars: 
c, m–n = 10 mm, d–e = 2 mm, f = 100 µm, g–l, o = 50 µm, p–r = 10 µm.
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Holotype:—CHINA. Guizhou: Zunyi, Dabanshui Mountain (106.807671, 27.779294), on larvae of Lepidoptera in 
soil, 21 July 2024, Shi-Ke Huang (HKAS 145947, holotype); ex-type living culture (KUNCC 25-19105). Additional 
culture also isolated (KUNCC 25-19106).

Etymology:— referring to the fungus occurring on insect larvae. 
Description:—Sexual morph: Stromata multiple, fleshly, unbranched, about 10 mm long and 1 mm wide, reddish 

to orange-red, cylindrical. Rhizoids flexuous, emerging from the head and base of lepidoptera larva in soil. Stipe 
flesh, reddish to orange-red, cylindrical to enlarging apically. Fertile area bright reddish to reddish orange, clavate, 
irregularly distributed at the apex, with the longer side measuring about 4 mm and the shorter side about 1.5 mm in 
length, 0.6–1 mm in width. Perithecia 210–340 × 90–160 μm (x ̄= 265 × 125 μm, n = 30), semi-immersed, narrowly 
ovoid to ampulliform, thick-walled, with ostiole on the top. Peridium 20–38 μm (x ̄= 25 μm, n = 50), comprising two 
layers, inner layer composed of hyaline to pale orange cells of textura porrecta, outer layer composed of yellow to 
orange cells of textura angularis. Asci 8-spored, cylindrical, 95–125 × 3.6–6 μm (x ̄= 110 × 4.5 μm, n = 50), with 
a thick hemispheric apex. Ascospores filiform, hyaline, irregularly multiseptate, 75–95 × 0.7–1.2 μm (x ̄= 80 × 1.0 
μm, n = 50), not separating into part-spores when they reach maturity. Asexual morph: Colonies white to purplish red 
on PDA, cottony with dense mycelium, 20 mm diameter after 10 days at 25 ℃, purplish pigment spreading in PDA. 
Phialides arising from aerial hyphae, solitary or in whorls of 2–3 on each branch, cylindrical, sometimes swollen at 
the base, about 10 μm long and 2 μm wide, tapering from the base to thin neck. Conidia hyaline, ovoid to cylindrical, 
smooth-walled, one-celled, 3.5–5.5 × 1.5–2.5 μm (x ̄= 4.5–2 μm, n = 50).

Morphological distinguishing features of all Blackwellomyces species are listed in Table 2 and are highlighted in 
the Discussion.

Table 2. Morphological comparison between Blackwellomyces species.

Species Host/Locality Stromata Rhizoids Fertile part (mm) Ascospores (μm) Colony on PDA Reference

Blackwellomyces 
aurantiacus 

Lepidoptera 
(larva)
Thailand

Solitary or 
multiple

Flexuous, arising 
from the head

Reddish orange, 
cylindrical to clavate, 
2.0–6.0 × 1.5–2.5 

Multiseptate,235–
295 × 1.0–1.5 

White to strong 
purplish red, reddish 
pigment diffusing in 
medium

Mongkolsamrit 
et al. (2020)

B. calendulinus
Coleoptera 
(larva)
Thailand

Solitary or 
multiple

Flexuous, arising 
from the head

Orange, cylindrical 
to clavate, 2.0–5.0 × 
1.0–2.0 

Multiseptate,150–
180 × 1.0–1.5 

White
Mongkolsamrit 
et al. (2020)

B. cardinalis 

Lepidoptera 
(larva)
USA, Japan, 
Republic of 
Korea, China

Solitary or 
multiple

Reddish orange to 
reddish, elliptical to 
fusiform, 2.0–9.0 × 
1.0–4.0 

Multiseptate, not 
fragmenting into 
part-spores, 160–320 
× 1.0 

White, red pigment 
diffusing in medium

Sung & 
Spatafora 
(2004)

B. changningensis
Lepidoptera 
(larva)
China

Multiple
Reddish orange, 
cylindrical to clavate, 
2.0–5.0 × 1.0–1.5 

Multiseptate, 
disarticulating into 
cylindrical part-
spores

White to yellow, red 
pigment diffusing in 
medium

Ma et al. 
(2024)

B. kaihuaensis 
Lepidoptera 
(larva) 
China

Solitary or 
multiple

Flexuous, arising 
from the head

Reddish orange, 
clavate or palmated, 
1.5–4.0 × 1.0–1.6 

Multiseptate, not 
fragmenting into 
part-spores, 160–220 
× 1.0–1.5 

White to purplish 
red, purplish pigment 
diffusing in medium

Li et al. (2023)

B. lateris 
Lepidoptera 
(larva) 
Thailand

Solitary or 
multiple

Yellow to yellowish, 
cylindrical, 5–25 × 
1.5–2.0 

Multiseptate, not 
fragmenting into 
part-spores, 160–217 
× 1.0–1.5 

Hyde et al. 
(2019)

......continued on the next page
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Table 2. (Continued)

Species Host/Locality Stromata Rhizoids Fertile part (mm) Ascospores (μm) Colony on PDA Reference

B. larvatus
Lepidoptera 
(larva), China

Multiple
Flexuous, arising 
from the head and 
base

Bright reddish to 
reddish orange, 
clavate, 1.5–4.0 × 
0.6–1.0 

Multiseptate, not 
fragmenting into 
part-spores, 75–95 × 
0.7–1.2 

White to purplish 
red, purplish pigment 
diffusing in medium 

This study

B. minutus 
Coleoptera 
(larva), 
Thailand

Multiple
Flexuous, arising 
from the head and 
abdomen

Orange yellow, 
subglobose, 1.5–2.0 
× 1.5 

Multiseptate, 
180–300 × 1.0 

White
Mongkolsamrit 
et al. (2020)

B. pseudomilitaris 
Lepidoptera 
(larva), 
Thailand

Solitary or 
multiple

Orange, variably 
clavate to flattened 
clavate or obclavate, 
2.0–8.0 × 1.2–4.0 

Multiseptate, 
not fragmenting 
into part-spores, 
280–390 × 1.0 

White
Hywel-Jones 
(1994)

B. roseostromatus 
Lepidoptera 
(larva), China, 
Thailand

Solitary or 
multiple

Flexuous, arising 
from the head 

Orange to yellowish 
pink, cylindrical to 
clavate, 4.0–7.0 × 
2.0–3.0 

Multiseptate, 
200–285 × 1–1.5 

White to yellowish 
pink, reddish pigment 
diffusing in medium

Mongkolsamrit 
et al. (2020), 
Ma et al. (2024)

B. taiwanensis
Coleoptera 
(larva), China 

Solitary or 
multiple

Orange, clavate

Multiseptate, 
disarticulating into 
cylindrical part-
spores, 123–160 × 
1–1.5 

Light yellow
Chuang et al. 
(2024)

Discussion

This study introduces a new species, Blackwellomyces larvatus. Morphologically, Blackwellomyces species typically 
have rhizoids that arise from the head or abdomen of the host, extending to form a reddish-orange or yellowish thallus 
(Mongkolsamrit et al. 2020, Li et al. 2023, Ma et al. 2024). However, B. larvatus not only has rhizoids on the head of its 
host forming an orange stroma, but also has many rhizoids at the base, without forming stromata. Phylogenetic analysis 
based on ML and BI suggests a very close evolutionary relationship between B. aurantiacus, B. kaihuaensis, B. lateris 
and B. larvatus, with 100%, BS/1.00, PP support. Blackwellomyces lateris produces yellow fruiting bodies, unlike B. 
aurantiacus, B. kaihuaensis, and B. larvatus, which have orange fruiting bodies (Hyde et al. 2019, Mongkolsamrit et 
al. 2020, Li et al. 2023). The latter three species are morphologically similar, all growing on Lepidoptera larvae, and 
in pure culture produce a purple-red pigment that diffuses into the culture medium (Mongkolsamrit et al. 2020, Li et 
al. 2023). However, B. kaihuaensis and B. larvatus were collected from China, while B. aurantiacus was collected 
from Thailand, with a significantly larger fertile part in B. aurantiacus (2–6 × 1.5–2.5 mm) compared to B. kaihuaensis 
(1.5–4 × 1.0–1.6 mm) and B. larvatus (1.5–4 × 0.6–1 mm) (Mongkolsamrit et al. 2020, Li et al. 2023). Furthermore, 
B. larvatus produces smaller spores (75–95 × 0.7–1.2 μm) compared to B. kaihuaensis (160–220 × 1–1.5 µm) (Li et al. 
2023). Our phylogenetic tree also shows that B. larvatus and B. kaihuaensis form a strongly supported monophyletic 
clade (100%, BS/1.00, PP). To further examine the differences between B. kaihuaensis and B. larvatus, we compared 
795 nucleotides in the tef1-α region and found 7 bp (1%) difference, and examined the 948 bp rpb2 region with 2 bp 
(1%) difference. Thus, B. larvatus is established following the guidelines of Jeewon & Hyde (2016).
	 The fertile parts of Blackwellomyces species are typically small, predominantly less than 10 mm and reddish 
(Hywel-Jones 1994, Sung & Spatafora 2004, Hyde et al. 2019, Mongkolsamrit et al. 2020, Li et al. 2023, Chuang et 
al. 2024, Ma et al. 2024). The ascospores produced are usually multi-septate but do not divide into part-spores, which 
is one of the distinguishing factors that separates Blackwellomyces from Cordyceps (Kepler et al. 2017). However, 
the ascospores of B. changningensis and B. taiwanensis divide into part-spores upon maturation, and these two 
species occupy different positions in the Blackwellomyces phylogenetic tree, both with stable support values. Thus, 
this characteristic may not be a reliable feature for identifying Blackwellomyces species. In our phylogenetic tree, 
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species exhibiting the characteristic of pigment diffusion into the medium, including B. aurantiacus, B. cardinalis, B. 
changningensis, B. kaihuaensis, B. larvatus and B. roseostromatus, cluster into the same well-supported phylogenetic 
branch (100%, BS/1.00, PP) (the B. lateris is not discussed here due to lack of data on its cultures). Phutthacharoen et al. 
(2024) reported that certain compounds isolated from B. roseostromatus BCC56290 exhibited significant antimicrobial, 
cytotoxic and nematicidal activities, highlighting the potential for further development as biological control agents 
(BCA) within the genus. The Hypocreales entomopathogenic fungi, including several genera such as Beauveria 
(family Cordycipitaceae) and Metarhizium (family Clavicipitaceae), are currently the most commercially used BCAs. 
The increasing diversity of Blackwellomyces species may serve as a valuable resource for driving development and 
utilization of the genus.
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