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Abstract

Karst habitats are hotspots of diversity and endemism. Their naturally fragmented
distributions across broad geographic landscapes have led to a complex array of
smaller evolutionary ecosystems. Comprehensive biodiversity assessments of karst
habitats have revealed that these ecosystems contain a high level of endemism.
During a survey of cordycipitoid fungi in the karst region of southwest Guizhou,
China, we identified and proposed two new species, based on morphology and
multi-locus (nrSSU, nrLSU, tef, rpb1, and rpb2) phylogenetic analyses. O. cystidiata
sp. nov. is characterized by gray-white to yellow fertile part, verrucose phialides,
and conidia enveloped in a cystic thickened mucus sheath, distinguishing it from
other species. 0. sinocampes sp. nov. is distinguished by long tapering phialides
with inflated bases. Phylogenetic analyses using five loci reveal that O. cystidiata
shares a close relationship with O. fenggangensis, 0. musicaudata, O. alboperithecia-
ta, and Hirsutella kuankuoshuiensis, while O. sinocampes is closely related to 0. mul-
tiperitheciata and H. strigosa. Herein, we completed the descriptions, illustrations
and molecular phylogeny of these two new species. The host diversity of O. sino-
campes has also been documented within the orders Lepidoptera and Coccoidea.
Our research further enriches the diversity of cordycipitoid species in the typical
karst landform areas of Guizhou, China.
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Introduction

Karst landform encompasses surface and subterranean features that are
shaped by the action of water on soluble rocks. Karst topography represents
distinctive geological formations characterized by caves, sinkholes, and
other notable features. These environments harbor diverse landforms and
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microclimates that foster rich biological diversity. Karst habitats are hotspots
of diversity and endemism due to their distinct ecological niches, which allow
for the diversification of a wide variety of species (Clements et al. 2006; Gris-
mer et al. 2021). Numerous research expeditions of karst landforms have un-
covered new species with localized distributions (Tian and Huang 2015; Huang
et al. 2019; Agung et al. 2021; Qu et al. 2021), identifying karsts as hotspots of
endemism and biodiversity and priorities for conservation.

Guizhou, referred to as the “Karst Province of China” and “the Karst Museum”,
has an extensive karst area of 128,000 km?, accounting for 73% of its total land
area. This makes it the largest karst region in China, with diverse landscapes
including peak forests, stone forests, canyons, valleys, enigmatic caves, and
vast sinkholes (Li 2011). The karst landscapes of Guizhou exhibit remarkable
diversity, featuring peak forests, stone forests, unique canyons, blind valleys,
enigmatic caves, and vast sinkholes.

The genus Ophiocordyceps was established by Petch (1931) to classi-
fy the species with non-disarticulating ascospores and clavate asci with
thickened apices. Most species in Ophiocordyceps possess firm, darkly pig-
mented stromata or subiculum, especially those with Hirsutella Pat. asexual
morphs. Conversely, some species exhibit brightly or palely colored stro-
mata associated with Hymenostilbe Petch and Paraisaria Samson & Brady
asexual morphs (Mongkolsamrit et al. 2019). The stromata are generally
tough, wiry, fibrous, or pliant. The perithecia, which can be superficial or
completely immersed, are typically arranged obliquely or in an ordinal fash-
ion. Ascospores in this genus are typically cylindrical and multiseptated,
disarticulating into part-spores or remaining whole upon discharge (Sung et
al. 2007; Xiao et al. 2023). Species of Ophiocordyceps are distributed world-
wide across various forest ecosystems, including tropical and subtropical
regions (Petch 1937; Kobayasi 1941; Tzean et al. 1997; Chen et al. 2013;
Ban et al. 2014; Sanjuan et al. 2015; Luangsa-ard et al. 2018; Araujo et al.
2018; Mongkolsamrit et al. 2019; Zha et al. 2021). Notable species with
widespread distribution include O. nutans (Friedrich et al. 2018). Among the
most prominent species in this genus is O. sinensis, a well-known tradition-
al Chinese medicine found exclusively in alpine environments of the Qing-
hai-Tibet Plateau (Dai et al. 2020). Another notable group within the genus,
0. unilateralis s.I., is famous for its ability to manipulate ants, turning them
into “zombie ants” that facilitate the spread of spores (Evans et al. 2011).
Recently, a newly discovered species, 0. megala, was identified, notable for
being the largest cordycipitoid fungus with a single specimen weighing 28
g, a hundred times heavier than typical O. sinensis (Dai et al. 2024).

In this study, we undertook a comprehensive survey of cordycipitoid fungi
within the Xingyi karst landform area, spanning the Baishi Mountains, Mal-
inghe Valley, and Wanfeng Forests. A total of 55 specimens were collected.
One species infecting lepidopteran larvae in the Baishi Mountains was iden-
tified as O. cystidiata. Another specimen, parasitizing Coccoidea sp. from
the Malinghe Valley, was validated and reclassified it as O. sinocampes.
Morphological, microstructural, and multi-gene phylogenetic analyses were
conducted to compare the new species with closely related taxa for classi-
fication and descriptions.
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Materials and methods
Specimen collection

Specimens were collected from three karst landform areas in Xingyi City,
Guizhou Province, China: (1) Baishi Mountains, Baiwanyao Village (25°4'12"N,
99°10'12"E), (2) Malinghe Valley (25°8'24"N, 104°57'36"E), and (3) Wanfeng
Forests (24°59'24"N, 104°58"12"E).

Fungal isolation and culture

Upon collection, specimens underwent surface sterilization with 75% ethanol
for 1-3 min, followed by rinsing with sterile water. The internal sclerotia were
isolated and cultured on potato dextrose agar (PDA) at 20 °C under dark condi-
tions. All isolated strains were deposited at the Institute of Fungal Resources
Collection, Guizhou University (GZAC), China.

Microscopic morphological structure observation

Specimens collected in the field were analyzed and photographed using an
Olympus SZ61 stereomicroscope. Fruiting bodies were sectioned and exam-
ined under a Leica S9E stereomicroscope. Sections of the fertile head were
mounted on glass slides with a drop of lactic acid and lactophenol cotton
blue, covered with a cover slip, and observed and photographed under a Leica
DM2500 compound microscope for detailed measurements of perithecia, asci,
peridium, apical cap, ascospores, and secondary ascospores.

The slant cultures were transferred to new PDA plates and incubated at 20
°C for three weeks for colony morphological observations. Circular agar blocks
approximately 5 mm in diameter were extracted from a colony and transferred
to fresh PDA plates for further colony morphological observations.

For the morphological description, microscope slide cultures were prepared
by placing small pieces of mycelia on 5-mm diameter PDA medium blocks,
which were then overlaid with a cover slip. Micro-morphological observations
and measurements, including those of hyphae, phialides, and conidia, were
conducted using an Olympus CX40 microscope.

Scanning electron microscope observations

Electron microscopy was performed as previously described by Qu et al. (2021). For
scanning electron microscopy (SEM) observations, 1-cm-wide agar blocks with hy-
phae were excised from PDA cultures. Samples were fixed with 4% glutaraldehyde
overnight at 4 °C, washed thrice with phosphate buffer solution (PBS) (137 mM
NaCl, 2.7 mM KCl, 8.1 mM Na,HPO,, and 1.5 mM KH,PO,; pH 7.4), each time for 10
min. Next, the fixed hyphae and conidia underwent dehydration using a series of al-
cohol concentrations (50%, 70%, 90%, and 100% alcohol), each step lasting 10 min.

Subsequently, the samples were dehydrated with supercritical carbon diox-
ide. The gold coating was then applied to the samples prior to examination. Co-
nidia and mucilage were visualized and photographed using a Hitachi S-3400N
scanning electron microscope (Japan).
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DNA extraction, polymerase chain reaction amplification, and
sequencing

Genomic DNA from both the fungus and its host was extracted using a Fungi
DNA isolation Kit following the manufacturer’s instructions (Transgen Bio-Tek,
USA). DNA was extracted from the stroma and the surface of sclerotium sec-
tions, respectively. Additionally, genomic DNA was extracted from fungal pure
cultures using 0.05-0.1 g of axenic mycelia. The concentration of the obtained
genomic DNA was larger than 20 ng/pL, and this DNA was used as a template
for polymerase chain reaction (PCR) amplification of target DNA fragments.
Six nuclear loci of the fungus were targeted for amplification and sequencing,
namely the internal transcribed spacer (ITS), the small and large subunit ribo-
somal RNA (nrSSU and nrLSU, respectively), the transcription elongation factor-1
alpha (tef), and the largest and second largest subunits of RNA polymerase |
(rpb1 and rpb2, respectively). The PCR assays followed protocols described by
Qu et al. (2021) and Peng et al. (2024). Detailed information regarding the prim-
ers used was provided in Suppl. material 1. PCR products were subsequently se-
quenced using an ABI3700 automatic sequence analyzer (Sangong, Shanghai).

Phylogenetic analysis

For the construction of a phylogenetic tree encompassing the potential new Ophio-
cordyceps species, representative taxa were selected based on five loci: nrSSU, nrL-
SU, tef, rpb1, and rpb2. These taxa were selected from previous studies within the
genus Ophiocordyceps (Sung et al. 2007; Ban et al. 2014; Quandt et al. 2014; San-
juan et al. 2015; Simmons et al. 2015; Luangsa-ard et al. 2018; Mongkolsamrit et al.
2019; Fanetal. 2021;Quetal. 2021; Peng et al. 2024) (Table 1). Sequences for each
locus were retrieved from GenBank using their respective accession numbers. We
combined the published data with our newly generated sequences from the pres-
ent study to establish a five-locus dataset. This dataset comprised a total of 212
taxa, encompassing sequence data from nrSSU, nrLSU, tef, rpb1, and rpb2, aimed at
capturing the diversity within Ophiocordyceps (Table 1). As outgroups, Drechmeria
coniospora and Haptocillium sinense were selected based on Kepler et al. (2014).

The alignment of nrSSU and nrLSU sequences was performed using MAFFT
(Katoh et al. 2002) with default settings. For the exon regions of tef, rpb1, and rpb2,
alignment was conducted using codon models. The total alignment lengths for the
five loci were as follows: 1060 bp for nrSSU; 968 bp for nrLSU; 936 bp for tef; 555
bp for rpb7 and 936 bp for rpb2, resulting in a combined dataset length of 4455 bp.
All five loci were integrated into a unified dataset, which was further partitioned into
11 distinct segments for analysis. This partitioning included one segment each for
nrSSU and nrLSU, along with nine additional segments corresponding to the three
codon positions within the protein-coding genes tef, rpb1, and rpb2.

The optimal partitioning scheme and evolutionary models for the 11 predefined
partitions were determined using PartitionFinder2 (Lanfear et al. 2016), employ-
ing a greedy algorithm and the Akaike information criterion. The analysis yielded
the following 10 partitions with their respective best-fit models: Partition 1—nrSSU:
TRNEF+I+G, Partition 2—nrLSU, Partitions 3—5—tef codon1, codon 2 and codon 3:
GTR+I+G,Partition6—rpb7codon1,rpb2 codon1: TVM+I+G; Partitions 7-9 —rpb1 co-
don2, codon3 and rpb2 codon2: GTR+I+G, and Partition 10— rpb2 codon3: TIM+I+G.

MycoKeys 114: 1-27 (2025), DOI: 10.3897/mycokeys.114.134323 4



Zhong-Shun Xu et al.: Two new Ophiocordyceps species in Guizhou Karst Forests

£002 "|e 1 Bung - €£6889743 Sv/89¥43 708891743 15689143 e191d03|09 8860LL 3SO Slie|ndioe ‘o
£002 "|e 19 Bung - 25889743 Y¥/89143 50889143 0568943 e191doajo) £860LL 3SO Slie|ndioe ‘o
£002 "[e 19 Bung LLL69Y43 26069743 €9069743 8,069¥43 - - GZSCL MHN ‘ds ejjansiiH
9epl||apedld
G102 '|e 19 suowuwis - 0S0CS9NM CLOZS9NM 6CLCS9NM G80CS9NM ‘esadiwsH £61C 4384V esobLys ‘H
G102 '|e 19 suowuwis - CEOCSINM C66LG9NM 60LCS9NM 990CS9NM esa)diwaH £L1SY 43SV wnpo19[0s03dA10 "H
G10ZC ‘|e 1o suowuwiis - 6E0CS9NNA 666 LS9NMA 9LLCSONM €L0CSONM epIpox| 61755 435UV XI1)BOBUA 'H
G10ZC ‘|e 1o suowuwiis - €902S9NM 6C0CS9NM 0S LZS9NM COLZSINM seploelquis|:ese1diweH LEOL 4384V 1ojoarsion 'H
(000000L0NYdY) @0uanbas pjojyeds swouab sH Woly pa3os||0d - 9899 OOLN nuosdwoyy ‘H
(000000108)dY) S99UaNbas pjojyeds Swousb si wouy pa3od||0d - 9GS€ DOLN nuosdwoyy ‘H
G102 '|e 19 suowuws - €G0CS9NN 8LOZS9NM SELZSINM 0602S9NM - 9G¢ 4384V nuosdwoyy ‘H
G102 '|e 19 suowuws - LSOZS9INM €L0CS9NN 0ELZSINM 980CS9NM esa1dopida £TCC 4389V exejngns "H
GL0¢ '|e 19 suowuwis - LY0CS9NM 800CS9NM GCLZSINM C80CS9NM aepljeihd:essidopida 966 43SHY Sisusewnjes ‘H
G102 '|e 19 suowws - SY0CS9NM 9002S9NM ECLZSINM 080CS9NM 9BPIEWAUODLIY EPIYOUSIAL YAZASEE N4 sisusjjissoyl 'H
G10ZC ‘|e 19 suowuwlis - ¥0CS9INM G00ZS9NM CCLTZSINM 6L0CS9NM - £0¢€ 4384V sisusjjissoyl ‘H
G10ZC ‘|e 19 suowuwls - EV0CSINM 7002S9NM LZLZS9INA 8L0CS9NM aeplapoIaleH:epIyous|AL LE6C 43SHY sisusjjissoyl ‘H
G102 '|e 19 suowwis - 970CS9NM L00ZS9NM VCLZSINMA L80ZS9INM - LG/E 43SHV sisusjjissoyl ‘H
G102 '|e 19 suowwis - - €00CS9NM 0CLZS9NM LLOCSINM aepioeydiaq:eseidiwaH 8¥E€C 435UV ‘[eAu] "wiou suadas H
G102 '|e 19 suowuwis - CV0ZS9NM C00ZS9NM 6L LZSINM 9/0CS9NM esa1dig 69€L 43SV ejeipel 'H
G102 '|e 19 suowuwis - 070CS9NM 0002S9NM LLLZSINM VL0ZS9NM aepljeihd:essidopida €LVS 4354V esojnpou 'H
102 e 10 1B (00000000NINdr)saouanbas pjojjeds awouah Sy Woly paldd||0d SaUIoA|B elapoILIaH 809¢ sisusjosauUIW ‘H
SL0¢ ‘[e 19 suowuwlis - - - GLLZSINM CLOCSINM oepisso) :eiddopidsT €096 43SV sisusoqi| 'H
§G10¢ '|e 19 suowuwiis - 8E0CSINM 866 LS9INM 7 LLZSONM LZOZS9INA 9ep1000):eIaKdIWsH 8888 43SV ejooliueds| ‘H
1202 '|e 18 nD - 09€SV6AM 06SS LYVAM C8SSLYAM - oeAle| esaydopida L-ESMNMCL0Z-H4INZO sisusinysonxueny ‘H
G10¢ '|e 19 suowuwiis - - L66LS9NM ELLCSINM 0£0CS9NM sepihydong:uedy LGGS 43S¥V HauydIn 'H
G102 '|e 18 suowwiis - LEOCSINM 966 LS9NM CLLZSINM 690CS9NM essydiwaH 6€SS 435UV susnjjl'H
G102 'Ie 1d suowwis - GEOCSINM 766 LGIINM LLLZSONM 890CS9NM sepi|jepedl):emidiwsH 8/8 434V euefnb ‘H
G102 '|e 18 suowwiis - 7E€0CSINM 086995 X £L699SXI - esardouswAy 0€ 43syv eajueblb ‘H
S10¢ '|e 18 suowuwiis - E€E0CSINM €66LG9NM OLLZS9NM £90CS9NM e191doa|o) VA CEEN L) siwiojisnj ‘H
L00Z ‘e 1@ bung €v¥2esda 68€72500A €v€TTS0A SvSegEdv 7656€€4V - G6°£9G S90 asusauls 'q
2102 '|e 10 1o|day 92zesba 05968VAV 91L968VAV 2cseeedv CLS6EELV eaydopida] 0192 IS0 nuunb -q
910z ‘e 1o Bueyz (000000000AV 1) S@0UBNDBS ploj4EOS BWOUAH SH WOl Paloa||0d - 2969 4354V eiodsojuoo ‘g
£002 ‘[e 30 Bung Zvv2esoa - Zregesoa 8856€€4V 6€56EEIV ela)dopida 1¢8°05¢ S90 saploueleq ‘g
EERITEIETEN] zqds 1qdi e-149} ns1u nssiu 1SOH J19YONOA salvads

‘sosA|eue onauabolAyd ul papnjoul sedusnbas zqd.s pue ‘L qds ‘481 ‘NSTIU ‘NSSIU 1O} SISGUINU UOISSDIIE Yueguas pue susawioads | a|qel

MycoKeys 114: 1-27 (2025), DOI: 10.3897/mycokeys.114.134323


http://www.ncbi.nlm.nih.gov/nuccore/AF339539
http://www.ncbi.nlm.nih.gov/nuccore/AF339588
http://www.ncbi.nlm.nih.gov/nuccore/DQ522342
http://www.ncbi.nlm.nih.gov/nuccore/DQ522442
http://www.ncbi.nlm.nih.gov/nuccore/AF339572
http://www.ncbi.nlm.nih.gov/nuccore/AF339522
http://www.ncbi.nlm.nih.gov/nuccore/AY489616
http://www.ncbi.nlm.nih.gov/nuccore/AY489650
http://www.ncbi.nlm.nih.gov/nuccore/DQ522426
http://www.ncbi.nlm.nih.gov/nuccore/AF339594
http://www.ncbi.nlm.nih.gov/nuccore/AF339545
http://www.ncbi.nlm.nih.gov/nuccore/DQ522343
http://www.ncbi.nlm.nih.gov/nuccore/DQ522389
http://www.ncbi.nlm.nih.gov/nuccore/DQ522443
http://www.ncbi.nlm.nih.gov/nuccore/KM652067
http://www.ncbi.nlm.nih.gov/nuccore/KM652110
http://www.ncbi.nlm.nih.gov/nuccore/KM651993
http://www.ncbi.nlm.nih.gov/nuccore/KM652033
http://www.ncbi.nlm.nih.gov/nuccore/JX566977
http://www.ncbi.nlm.nih.gov/nuccore/JX566980
http://www.ncbi.nlm.nih.gov/nuccore/KM652034
http://www.ncbi.nlm.nih.gov/nuccore/KM652068
http://www.ncbi.nlm.nih.gov/nuccore/KM652111
http://www.ncbi.nlm.nih.gov/nuccore/KM651994
http://www.ncbi.nlm.nih.gov/nuccore/KM652035
http://www.ncbi.nlm.nih.gov/nuccore/KM652069
http://www.ncbi.nlm.nih.gov/nuccore/KM652112
http://www.ncbi.nlm.nih.gov/nuccore/KM651996
http://www.ncbi.nlm.nih.gov/nuccore/KM652037
http://www.ncbi.nlm.nih.gov/nuccore/KM652070
http://www.ncbi.nlm.nih.gov/nuccore/KM652113
http://www.ncbi.nlm.nih.gov/nuccore/KM651997
http://www.ncbi.nlm.nih.gov/nuccore/KY415582
http://www.ncbi.nlm.nih.gov/nuccore/KY415590
http://www.ncbi.nlm.nih.gov/nuccore/KY945360
http://www.ncbi.nlm.nih.gov/nuccore/KM652071
http://www.ncbi.nlm.nih.gov/nuccore/KM652114
http://www.ncbi.nlm.nih.gov/nuccore/KM651998
http://www.ncbi.nlm.nih.gov/nuccore/KM652038
http://www.ncbi.nlm.nih.gov/nuccore/KM652072
http://www.ncbi.nlm.nih.gov/nuccore/KM652115
http://www.ncbi.nlm.nih.gov/nuccore/KM652074
http://www.ncbi.nlm.nih.gov/nuccore/KM652117
http://www.ncbi.nlm.nih.gov/nuccore/KM652000
http://www.ncbi.nlm.nih.gov/nuccore/KM652040
http://www.ncbi.nlm.nih.gov/nuccore/KM652076
http://www.ncbi.nlm.nih.gov/nuccore/KM652119
http://www.ncbi.nlm.nih.gov/nuccore/KM652002
http://www.ncbi.nlm.nih.gov/nuccore/KM652042
http://www.ncbi.nlm.nih.gov/nuccore/KM652077
http://www.ncbi.nlm.nih.gov/nuccore/KM652120
http://www.ncbi.nlm.nih.gov/nuccore/KM652003
http://www.ncbi.nlm.nih.gov/nuccore/KM652081
http://www.ncbi.nlm.nih.gov/nuccore/KM652124
http://www.ncbi.nlm.nih.gov/nuccore/KM652007
http://www.ncbi.nlm.nih.gov/nuccore/KM652046
http://www.ncbi.nlm.nih.gov/nuccore/KM652078
http://www.ncbi.nlm.nih.gov/nuccore/KM652121
http://www.ncbi.nlm.nih.gov/nuccore/KM652004
http://www.ncbi.nlm.nih.gov/nuccore/KM652043
http://www.ncbi.nlm.nih.gov/nuccore/KM652079
http://www.ncbi.nlm.nih.gov/nuccore/KM652122
http://www.ncbi.nlm.nih.gov/nuccore/KM652005
http://www.ncbi.nlm.nih.gov/nuccore/KM652044
http://www.ncbi.nlm.nih.gov/nuccore/KM652080
http://www.ncbi.nlm.nih.gov/nuccore/KM652123
http://www.ncbi.nlm.nih.gov/nuccore/KM652006
http://www.ncbi.nlm.nih.gov/nuccore/KM652045
http://www.ncbi.nlm.nih.gov/nuccore/KM652082
http://www.ncbi.nlm.nih.gov/nuccore/KM652125
http://www.ncbi.nlm.nih.gov/nuccore/KM652008
http://www.ncbi.nlm.nih.gov/nuccore/KM652047
http://www.ncbi.nlm.nih.gov/nuccore/KM652086
http://www.ncbi.nlm.nih.gov/nuccore/KM652130
http://www.ncbi.nlm.nih.gov/nuccore/KM652013
http://www.ncbi.nlm.nih.gov/nuccore/KM652051
http://www.ncbi.nlm.nih.gov/nuccore/KM652090
http://www.ncbi.nlm.nih.gov/nuccore/KM652135
http://www.ncbi.nlm.nih.gov/nuccore/KM652018
http://www.ncbi.nlm.nih.gov/nuccore/KM652053
http://www.ncbi.nlm.nih.gov/nuccore/KM652102
http://www.ncbi.nlm.nih.gov/nuccore/KM652150
http://www.ncbi.nlm.nih.gov/nuccore/KM652029
http://www.ncbi.nlm.nih.gov/nuccore/KM652063
http://www.ncbi.nlm.nih.gov/nuccore/KM652073
http://www.ncbi.nlm.nih.gov/nuccore/KM652116
http://www.ncbi.nlm.nih.gov/nuccore/KM651999
http://www.ncbi.nlm.nih.gov/nuccore/KM652039
http://www.ncbi.nlm.nih.gov/nuccore/KM652066
http://www.ncbi.nlm.nih.gov/nuccore/KM652109
http://www.ncbi.nlm.nih.gov/nuccore/KM651992
http://www.ncbi.nlm.nih.gov/nuccore/KM652032
http://www.ncbi.nlm.nih.gov/nuccore/KM652085
http://www.ncbi.nlm.nih.gov/nuccore/KM652129
http://www.ncbi.nlm.nih.gov/nuccore/KM652012
http://www.ncbi.nlm.nih.gov/nuccore/KM652050
http://www.ncbi.nlm.nih.gov/nuccore/EF469078
http://www.ncbi.nlm.nih.gov/nuccore/EF469063
http://www.ncbi.nlm.nih.gov/nuccore/EF469092
http://www.ncbi.nlm.nih.gov/nuccore/EF469111
http://www.ncbi.nlm.nih.gov/nuccore/EF468950
http://www.ncbi.nlm.nih.gov/nuccore/EF468805
http://www.ncbi.nlm.nih.gov/nuccore/EF468744
http://www.ncbi.nlm.nih.gov/nuccore/EF468852
http://www.ncbi.nlm.nih.gov/nuccore/EF468951
http://www.ncbi.nlm.nih.gov/nuccore/EF468804
http://www.ncbi.nlm.nih.gov/nuccore/EF468745
http://www.ncbi.nlm.nih.gov/nuccore/EF468853

Zhong-Shun Xu et al.: Two new Ophiocordyceps species in Guizhou Karst Forests

Apms sy 9€99150d 2€99150d - €9.670d ¥65.6v0d aepijerdaH .>me%M.M_"=:Nw ejelphisfo 0
¥1L0¢C ‘e 1@ 1puenp - 6668/48M G888L8M 8168L8M - 0L6LSL OSO wnuolnaind ‘0
#7102 ‘|e 18 Buem GG29¢eId 9G¢9¢¢IM ¥529¢C4N €G292¢CM eserdopida LCELL NOAD Sijeulsd ‘0
710 '[e 1@ 1puenp - 8668/8M G96848M 7888.8M L168L8M - ¢L9661 SVINH £/021IpI|y202 "0
GL0Z 'le1s ueg S¥58968V - €858964V 6178968V L6€896GV - 289001 J4aN 8/021Ip12203 0
2102 '|e 1@ yooyos /¥58968V - 9868968V VLyLY6Nr - - 196901 JHaN eleAeo 0
£00T '[e 10 eiojeieds €¢t2esda L££22S0A 9z€zesba £5/81500 £¥52250da e191doa|o) 0858¢L 3SO sie[naloe 40 0
8102 '|e 10 ofnely - - LLOELLXN LLIELLXN YEIELLXN - 9ONIHO abbusi-pouodwed 0
6102 | 19 oowqoy (00000000DHAd)s@2uanbas pjoyeas swoush sy Woly Palds||0d - 1€6/ 009 IsJepunes -ljouodwed ‘Q
£10Z '[e 18 Jayyeg @ (00000000S3rN)2oUBNbaS p|o}jeoS BWOUSB S)I WOoI) Pa1osd||0d - gLden sipadyn. -jjouodwed Q
8L0Z ‘e 10 olnery - Y0LELLXN 6/9ELLXN ¥6SELLXN 659ELLXM - 8019 sipadyn. -ljouodwed ‘0
8L0Z ‘|e 10 olnery - LLLELLXA 699€LLXA LLOELLXM 0v9ELLXA - ZINAIN snuejnpju-pouodwed 0
6102 ‘|e 1o oowqoy (000000 L0dHAd)s@ousnbas p|ojjeos swoush s} Wouy pe1os||0d - 69£08 009 IpJeuos| nouodwed o
8L0Z ‘e 1 olnery - LOLELLXA €L9ELLXA L6SELLXA GG9ELLXA esa1diwaH 00ddIH sipida.sooddjy-inouodwed 0
8L0Z ‘e olnery - C0LELLXA 8L9ELLXMA 06SELLXA €99€LLXMA - CON34 nejows) -ouodwed 0
8L0Z ‘e olnery - 0CLELLXA 269ELLXA - LEIELLXA - ¥S190 Isouyds|q 13ouodwed 0
810z 'e 1@ olnely - €0LELLXA €0LELLXA E6GELLXA 099€LLXMA Iuezjeq snjouodwe) 7019 Iuezjeqg-pouodwed 0
£002 '|e 1o elojeleds 0¢¥2zsda 69€2250A ¥2€2250a 96/8150a 2v52esba (eepuisie|3) eiardos|on 9/G88¢1 3SO ejejoundiauuniq 0
8L0Z '[e 1 pse-esbueny 9897 L94IN - IV L94IN 0997 L94IN - eizydopida ¢LE6Y 004 ejedayadBUUNIG O
8L0Z '|e 1 pse-esbuen G897 L94IN - EVIVL94IN 8597 L94IN - - 1029004 ejeroayadeauuniq 0
8L0Z '[e 1 pse-esbuen L8977 L94IN 8997 194N 8E9VL94IN 7S9¥L94N - - 2€0690049 elblueauuniq 0
810z '[e 10 olnely - VLLELLXA £89ELLXA 809€LLXA EVIELLXA - ENOSSIN lissuseqsxe|q ‘0
810z ‘e 19 olnely - ELLELLXA 989€LLXA - V9ELLXMA - LNOSSIN lissuieqaxe|q ‘0
£102 "B 18 uojuo)d (0000000000MMrYa)seousnbas pjojjeas swousb sy woly pa1ds||0d esa)douswAH £/0€Z11S43 esodsiq 0
£102 '|e 19 J9ypeg o (0000000000MMrYa)sedusnbas pjojjeds swousb sy woly pa1ds||0d eiardouswAH yodey sieisne 0
£10Z '[e 18 Joxpyeg a@ (00000000N3rN)se2uaNbas pjoyyeos swoush sy Woly Pa1ds||0d esaydouswAy egyel sijesnsne Q
SL0Z '|e1s ueg 7€£58964V - 21589689V 178968V - esg)dopidaT ‘aepisso) L68S0L JddAN suadsaloqle 0
SL0Z '|e1e ueg §€58964V - €/58968V SL¥896av - eig)dopidaT ‘aepisso) 068501 OYdN suadsaloqle 0
¥20Z '|e 18 leq JAWAR10) £998594M 6€L0L9OM 6£98594% 06,0190 - 871981 VNH sisusienoelere ‘0
GLOZ '|e 1o ueg 6€£58964V T9YT66NI 1158969V ELYLYENM 8C/LY6NI e181dos|o) 096901 Q¥GN elenolpuadde 0
GLOZ '|e 1o ueg 0758969V €97T66NI 8758969V ZLYLY6Nr 6CLLY6NI e181dos|o) 656901 0dEN elenolpuadde 0
£002 |2 19 elojeleds 61¥2250d - €2€72500 G5/8150a [Racrad{eld] e191doa|o) 8675 4354V lipoyde 0
L20z '|e 12 ued L8ZTTTLIN 08¢ZZCIIN 6LCCCCIN 8/CCCCIIN - esaydopiday 1SGZ91 HHA ejeloayedogie o
210z [e 10 19|day 81¥2zsdd 89€2¢50A zzegesoa ¥5/81L500 0v522sda e191d03|09 2695 4354V ejoube 0
EERITEYETEN| zqdi Lqds e-149) nsHMu nssiu 1SOH 19Yanop saloads

MycoKeys 114: 1-27 (2025), DOI: 10.3897/mycokeys.114.134323


http://www.ncbi.nlm.nih.gov/nuccore/DQ522540
http://www.ncbi.nlm.nih.gov/nuccore/DQ518754
http://www.ncbi.nlm.nih.gov/nuccore/DQ522322
http://www.ncbi.nlm.nih.gov/nuccore/DQ522368
http://www.ncbi.nlm.nih.gov/nuccore/DQ522418
http://www.ncbi.nlm.nih.gov/nuccore/MT222278
http://www.ncbi.nlm.nih.gov/nuccore/MT222279
http://www.ncbi.nlm.nih.gov/nuccore/MT222280
http://www.ncbi.nlm.nih.gov/nuccore/MT222281
http://www.ncbi.nlm.nih.gov/nuccore/DQ522541
http://www.ncbi.nlm.nih.gov/nuccore/DQ518755
http://www.ncbi.nlm.nih.gov/nuccore/DQ522323
http://www.ncbi.nlm.nih.gov/nuccore/DQ522419
http://www.ncbi.nlm.nih.gov/nuccore/JN941729
http://www.ncbi.nlm.nih.gov/nuccore/JN941412
http://www.ncbi.nlm.nih.gov/nuccore/AB968578
http://www.ncbi.nlm.nih.gov/nuccore/JN992463
http://www.ncbi.nlm.nih.gov/nuccore/AB968540
http://www.ncbi.nlm.nih.gov/nuccore/JN941728
http://www.ncbi.nlm.nih.gov/nuccore/JN941413
http://www.ncbi.nlm.nih.gov/nuccore/AB968577
http://www.ncbi.nlm.nih.gov/nuccore/JN992462
http://www.ncbi.nlm.nih.gov/nuccore/AB968539
http://www.ncbi.nlm.nih.gov/nuccore/KC610790
http://www.ncbi.nlm.nih.gov/nuccore/KF658679
http://www.ncbi.nlm.nih.gov/nuccore/KC610739
http://www.ncbi.nlm.nih.gov/nuccore/KF658667
http://www.ncbi.nlm.nih.gov/nuccore/KC610717
http://www.ncbi.nlm.nih.gov/nuccore/AB968415
http://www.ncbi.nlm.nih.gov/nuccore/AB968573
http://www.ncbi.nlm.nih.gov/nuccore/AB968535
http://www.ncbi.nlm.nih.gov/nuccore/AB968414
http://www.ncbi.nlm.nih.gov/nuccore/AB968572
http://www.ncbi.nlm.nih.gov/nuccore/AB968534
http://www.ncbi.nlm.nih.gov/nuccore/KX713644
http://www.ncbi.nlm.nih.gov/nuccore/KX713686
http://www.ncbi.nlm.nih.gov/nuccore/KX713713
http://www.ncbi.nlm.nih.gov/nuccore/KX713643
http://www.ncbi.nlm.nih.gov/nuccore/KX713608
http://www.ncbi.nlm.nih.gov/nuccore/KX713687
http://www.ncbi.nlm.nih.gov/nuccore/KX713714
http://www.ncbi.nlm.nih.gov/nuccore/MF614654
http://www.ncbi.nlm.nih.gov/nuccore/MF614638
http://www.ncbi.nlm.nih.gov/nuccore/MF614668
http://www.ncbi.nlm.nih.gov/nuccore/MF614681
http://www.ncbi.nlm.nih.gov/nuccore/MF614658
http://www.ncbi.nlm.nih.gov/nuccore/MF614643
http://www.ncbi.nlm.nih.gov/nuccore/MF614685
http://www.ncbi.nlm.nih.gov/nuccore/MF614660
http://www.ncbi.nlm.nih.gov/nuccore/MF614642
http://www.ncbi.nlm.nih.gov/nuccore/MF614686
http://www.ncbi.nlm.nih.gov/nuccore/DQ522542
http://www.ncbi.nlm.nih.gov/nuccore/DQ518756
http://www.ncbi.nlm.nih.gov/nuccore/DQ522324
http://www.ncbi.nlm.nih.gov/nuccore/DQ522369
http://www.ncbi.nlm.nih.gov/nuccore/DQ522420
http://www.ncbi.nlm.nih.gov/nuccore/KX713660
http://www.ncbi.nlm.nih.gov/nuccore/KX713593
http://www.ncbi.nlm.nih.gov/nuccore/KX713703
http://www.ncbi.nlm.nih.gov/nuccore/KX713703
http://www.ncbi.nlm.nih.gov/nuccore/KX713637
http://www.ncbi.nlm.nih.gov/nuccore/KX713692
http://www.ncbi.nlm.nih.gov/nuccore/KX713720
http://www.ncbi.nlm.nih.gov/nuccore/KX713663
http://www.ncbi.nlm.nih.gov/nuccore/KX713590
http://www.ncbi.nlm.nih.gov/nuccore/KX713678
http://www.ncbi.nlm.nih.gov/nuccore/KX713702
http://www.ncbi.nlm.nih.gov/nuccore/KX713655
http://www.ncbi.nlm.nih.gov/nuccore/KX713597
http://www.ncbi.nlm.nih.gov/nuccore/KX713673
http://www.ncbi.nlm.nih.gov/nuccore/KX713707
http://www.ncbi.nlm.nih.gov/nuccore/KX713640
http://www.ncbi.nlm.nih.gov/nuccore/KX713611
http://www.ncbi.nlm.nih.gov/nuccore/KX713669
http://www.ncbi.nlm.nih.gov/nuccore/KX713717
http://www.ncbi.nlm.nih.gov/nuccore/KX713659
http://www.ncbi.nlm.nih.gov/nuccore/KX713594
http://www.ncbi.nlm.nih.gov/nuccore/KX713679
http://www.ncbi.nlm.nih.gov/nuccore/KX713704
http://www.ncbi.nlm.nih.gov/nuccore/KX713634
http://www.ncbi.nlm.nih.gov/nuccore/KX713617
http://www.ncbi.nlm.nih.gov/nuccore/KX713671
http://www.ncbi.nlm.nih.gov/nuccore/DQ522543
http://www.ncbi.nlm.nih.gov/nuccore/DQ518757
http://www.ncbi.nlm.nih.gov/nuccore/DQ522326
http://www.ncbi.nlm.nih.gov/nuccore/DQ522371
http://www.ncbi.nlm.nih.gov/nuccore/DQ522423
http://www.ncbi.nlm.nih.gov/nuccore/JN941414
http://www.ncbi.nlm.nih.gov/nuccore/AB968586
http://www.ncbi.nlm.nih.gov/nuccore/AB968547
http://www.ncbi.nlm.nih.gov/nuccore/AB968391
http://www.ncbi.nlm.nih.gov/nuccore/AB968419
http://www.ncbi.nlm.nih.gov/nuccore/AB968583
http://www.ncbi.nlm.nih.gov/nuccore/AB968545
http://www.ncbi.nlm.nih.gov/nuccore/KJ878917
http://www.ncbi.nlm.nih.gov/nuccore/KJ878884
http://www.ncbi.nlm.nih.gov/nuccore/KJ878965
http://www.ncbi.nlm.nih.gov/nuccore/KJ878998
http://www.ncbi.nlm.nih.gov/nuccore/KF226253
http://www.ncbi.nlm.nih.gov/nuccore/KF226254
http://www.ncbi.nlm.nih.gov/nuccore/KF226256
http://www.ncbi.nlm.nih.gov/nuccore/KF226255
http://www.ncbi.nlm.nih.gov/nuccore/KJ878918
http://www.ncbi.nlm.nih.gov/nuccore/KJ878885
http://www.ncbi.nlm.nih.gov/nuccore/KJ878999
http://www.ncbi.nlm.nih.gov/nuccore/PQ497594
http://www.ncbi.nlm.nih.gov/nuccore/PQ497634
http://www.ncbi.nlm.nih.gov/nuccore/PQ516632
http://www.ncbi.nlm.nih.gov/nuccore/PQ516636

Zhong-Shun Xu et al.: Two new Ophiocordyceps species in Guizhou Karst Forests

GLOZ ‘e 1o ueq 9€£58968V - ¥/58968V 9178964V 88£8969Y - 689001 Q¥EN SLe[noloeoIOBW O
8L0T ‘e 19 ple-esbuenn GZ97L94N 6997 L9 6€9¥ 194N 659194 - Jaydopide 81622 004 SLe[NdIoBOIOBW O
¥10Z "[e 38 }puend - G006/8M) L£6848M) 7688/8MI G2T68/8M - 8778L4 SNL ewssibuol ‘0
GLOZ ‘e 1o ueq 9758969V - 7858968V 0278969V 76£8968V - G9690L QYN ewrssibuoL 0
¥10z [e 18 }puend - 7006£8M 0£68/8M L688/8M ¥268L8M (smouoduwe) essrdouswhy €L6LGL 2SO 1pAoj; 0
1202 '[e 18 Buem OVZrLLLIN EETVLLIN LYCYLLIN 9ZeYLLIN 6LTrLLLN (eepijeidaH)elardopiday 8158 004A sisusueysbuel| 0
1202 '[e 18 Buem 6ETVLLIN TETVLLIN ovTrLLIN STTVLLIN 8LTVLLIN aepijeideH)ess1dopida L2158 D04A sisusueysbuel| 0
20z '[e 10 Buad 7G€92540 - 87€92540 ¥¥S/2SH0 0752540 esardopida €szLL0zeal nbuel; 0
%20z '[e 10 Buad - - VAZLTAN0) €75/2540 6€5.2540 esardopida 167851 SYMH nbuey; 0
€102 '[e 19 U3yD - SOVLLYOM €9Y/ LM L9¥/ LYOM 657 LYOM aepijeldaH LOL0TTOHA sisusbuidue| 0
£00¢ "[e 38 Bung 916891743 1988943 €6/89%43 - 656891743 ues1dos|o) GLEL D043 eueouLOY 0
8L0Z ‘e 10 olnery LT8EIRNIN - 8EGSLBMNN YLy /8N elaydouswhy 064N saployoydiuy ‘0
8L0Z ‘e 10 olnery - YTLELLX 869ELLXM - LEIELLXN - g600S selbuiwaywiy 0
6L0Z ‘e 10 sno1y 8SLZEMIN 69LZENIN 9/0ZEMIN ZOLZEMIN LTLTEMIN - €971800€ sisuausejuoyy 0
9L0z 19 1 - ¥76758NM 96¥S8NM - €56¥S8NM aepijerday G88E-GL IMI4N msiex o
9L0z 1191 - EV6YS8NM S6vS8NM - 256758N) aepljelday 788€-GL ‘N4 msiex o
£00T '[e 1 elojeleds Stvezsda L6€CZS0A S¥eTsda 0//8150Q 95522s0a 1ue:elgrdouswAy 8/58ZL 0SO sisuaibuels 0
gsLoz ‘e e buem 786/ 174) T/86. 74 0£86. 14 - 6986/ 74 9ePIYILOIOJDIN LOELHO HHA sisuapuelubly 0
GLOZ ‘| 1o Buep 8/CL8SINM YL L8SINM - - 782 L8SINM eaploseqeleds £0ZEBSYHH sisuapueyybly -0
810z '[e 10 olnely - 90LELLXN 899€LLXM - 9G9€ L/ XM - LPY9 sisuaueyb 0
8L0Z '[e 3o pre-esbuen 6/9% 194N €991 194N [AXTAREI 879% 194N - - €286/004 £/00Ip1aWoab 0
810z '[e 3@ pre-esbuen 8/91 194N 799% 194N LEIYLI4IN LYV L94IN - - L¥765€009 ej00]plaWoab 0
GL0Z ‘[e 18 uenfueg 7558968V ££98594) 0€£0L90M L9Z0L9OM G6/0L90M - 6¢/eteydo ejiydiowoiobiny 0
710z [e 18 }puend S¥68/8M) L668L8M - 9/88/8M Z16848M - 206151 9SO niuoubinbioj 0
eG10T ‘[e 10 Buem L6LSLTI 061S/ZIM T6LSLTIN - - - G€000 NLN euesowoj 0
9L0Z e8I - LY6758M 6767758NM - LS67S8NM - 888€-GL:NT4N euesowoj 0
710z [e 18 ipuend 9768£8M 2006£8M) 89688 8888/8M LZ68L8M - 695814 SNL wnJedjuLof ‘0
%202 '8 10 Busd - LG€92540 9¥£92540 TvSLTSHO - eig1dopiday 187851 SYMH sisusbuebbuay 0
20z ‘e 18 Buad €5£92540 05£92540 SYE9ZSHO L¥G£ZSH0 8€5/2540 eisydopida 058201294 sisusbuebbuay 0
G10Z '[e 10 uenfues - £5889v43 6¥7£89743 60889743 756891743 esgydopiday 858 dsydo lisueas 0
£00¢ '[e 10 Bung 11689743 15889743 6789743 60889743 75689743 - 787€S MIM BZIYLIOWOUS 'O
200z ‘[e 1 Bung - 968897743 8v/89%43 80889743 - esaydopiday 6860LL 3SO ejebuoje 0
020z ofnely pue elyoeweles - LELG8ZNI 6CLG8/NIN 7LS9ESHIN GLS9ESHIN - S9QESrs eJodsojpiwsap 0
I5VO0
Apms sy ££99150d €€99150d - G€9L6¥0d S65L6v0d aepijerdaH -AX€202Z-¥4INZ9 ejeiphisfo 0
saoualajoy zqds Lqds e-1J91 nSTu NSSiu 1SOH 19Yonop soloads

MycoKeys 114: 1-27 (2025), DOI: 10.3897/mycokeys.114.134323


http://www.ncbi.nlm.nih.gov/nuccore/PQ497595
http://www.ncbi.nlm.nih.gov/nuccore/PQ497635
http://www.ncbi.nlm.nih.gov/nuccore/PQ516633
http://www.ncbi.nlm.nih.gov/nuccore/PQ516637
http://www.ncbi.nlm.nih.gov/nuccore/MH536515
http://www.ncbi.nlm.nih.gov/nuccore/MH536514
http://www.ncbi.nlm.nih.gov/nuccore/MN785129
http://www.ncbi.nlm.nih.gov/nuccore/MN785131
http://www.ncbi.nlm.nih.gov/nuccore/EF468808
http://www.ncbi.nlm.nih.gov/nuccore/EF468748
http://www.ncbi.nlm.nih.gov/nuccore/EF468856
http://www.ncbi.nlm.nih.gov/nuccore/EF468954
http://www.ncbi.nlm.nih.gov/nuccore/EF468809
http://www.ncbi.nlm.nih.gov/nuccore/EF468749
http://www.ncbi.nlm.nih.gov/nuccore/EF468857
http://www.ncbi.nlm.nih.gov/nuccore/EF468911
http://www.ncbi.nlm.nih.gov/nuccore/EF468954
http://www.ncbi.nlm.nih.gov/nuccore/EF468809
http://www.ncbi.nlm.nih.gov/nuccore/EF468749
http://www.ncbi.nlm.nih.gov/nuccore/EF468857
http://www.ncbi.nlm.nih.gov/nuccore/OR527538
http://www.ncbi.nlm.nih.gov/nuccore/OR527541
http://www.ncbi.nlm.nih.gov/nuccore/OR526345
http://www.ncbi.nlm.nih.gov/nuccore/OR526350
http://www.ncbi.nlm.nih.gov/nuccore/OR526353
http://www.ncbi.nlm.nih.gov/nuccore/OR527542
http://www.ncbi.nlm.nih.gov/nuccore/OR526346
http://www.ncbi.nlm.nih.gov/nuccore/OR526351
http://www.ncbi.nlm.nih.gov/nuccore/KJ878921
http://www.ncbi.nlm.nih.gov/nuccore/KJ878888
http://www.ncbi.nlm.nih.gov/nuccore/KJ878968
http://www.ncbi.nlm.nih.gov/nuccore/KJ879002
http://www.ncbi.nlm.nih.gov/nuccore/KJ878946
http://www.ncbi.nlm.nih.gov/nuccore/KU854951
http://www.ncbi.nlm.nih.gov/nuccore/KU854949
http://www.ncbi.nlm.nih.gov/nuccore/KU854947
http://www.ncbi.nlm.nih.gov/nuccore/KT275192
http://www.ncbi.nlm.nih.gov/nuccore/KT275190
http://www.ncbi.nlm.nih.gov/nuccore/KT275191
http://www.ncbi.nlm.nih.gov/nuccore/KJ878912
http://www.ncbi.nlm.nih.gov/nuccore/KJ878876
http://www.ncbi.nlm.nih.gov/nuccore/KJ878991
http://www.ncbi.nlm.nih.gov/nuccore/KJ878945
http://www.ncbi.nlm.nih.gov/nuccore/KC610795
http://www.ncbi.nlm.nih.gov/nuccore/KC610761
http://www.ncbi.nlm.nih.gov/nuccore/KC610730
http://www.ncbi.nlm.nih.gov/nuccore/KF658677
http://www.ncbi.nlm.nih.gov/nuccore/AB968554
http://www.ncbi.nlm.nih.gov/nuccore/MF614647
http://www.ncbi.nlm.nih.gov/nuccore/MF614631
http://www.ncbi.nlm.nih.gov/nuccore/MF614664
http://www.ncbi.nlm.nih.gov/nuccore/MF614678
http://www.ncbi.nlm.nih.gov/nuccore/MF614648
http://www.ncbi.nlm.nih.gov/nuccore/MF614632
http://www.ncbi.nlm.nih.gov/nuccore/MF614663
http://www.ncbi.nlm.nih.gov/nuccore/MF614679
http://www.ncbi.nlm.nih.gov/nuccore/KX713656
http://www.ncbi.nlm.nih.gov/nuccore/KX713668
http://www.ncbi.nlm.nih.gov/nuccore/KX713706
http://www.ncbi.nlm.nih.gov/nuccore/KM581284
http://www.ncbi.nlm.nih.gov/nuccore/KM581274
http://www.ncbi.nlm.nih.gov/nuccore/KM581278
http://www.ncbi.nlm.nih.gov/nuccore/KR479869
http://www.ncbi.nlm.nih.gov/nuccore/KR479870
http://www.ncbi.nlm.nih.gov/nuccore/KR479872
http://www.ncbi.nlm.nih.gov/nuccore/KR479874
http://www.ncbi.nlm.nih.gov/nuccore/DQ522556
http://www.ncbi.nlm.nih.gov/nuccore/DQ518770
http://www.ncbi.nlm.nih.gov/nuccore/DQ522345
http://www.ncbi.nlm.nih.gov/nuccore/DQ522391
http://www.ncbi.nlm.nih.gov/nuccore/DQ522445
http://www.ncbi.nlm.nih.gov/nuccore/KU854952
http://www.ncbi.nlm.nih.gov/nuccore/KU854945
http://www.ncbi.nlm.nih.gov/nuccore/KU854943
http://www.ncbi.nlm.nih.gov/nuccore/KU854953
http://www.ncbi.nlm.nih.gov/nuccore/KU854946
http://www.ncbi.nlm.nih.gov/nuccore/KU854944
http://www.ncbi.nlm.nih.gov/nuccore/MK632127
http://www.ncbi.nlm.nih.gov/nuccore/MK632102
http://www.ncbi.nlm.nih.gov/nuccore/MK632076
http://www.ncbi.nlm.nih.gov/nuccore/MK632169
http://www.ncbi.nlm.nih.gov/nuccore/MK632158
http://www.ncbi.nlm.nih.gov/nuccore/KX713631
http://www.ncbi.nlm.nih.gov/nuccore/KX713698
http://www.ncbi.nlm.nih.gov/nuccore/KX713724
http://www.ncbi.nlm.nih.gov/nuccore/MK874746
http://www.ncbi.nlm.nih.gov/nuccore/MK875538
http://www.ncbi.nlm.nih.gov/nuccore/MK863827
http://www.ncbi.nlm.nih.gov/nuccore/EF468959
http://www.ncbi.nlm.nih.gov/nuccore/EF468753
http://www.ncbi.nlm.nih.gov/nuccore/EF468861
http://www.ncbi.nlm.nih.gov/nuccore/EF468916
http://www.ncbi.nlm.nih.gov/nuccore/KC417459
http://www.ncbi.nlm.nih.gov/nuccore/KC417461
http://www.ncbi.nlm.nih.gov/nuccore/KC417463
http://www.ncbi.nlm.nih.gov/nuccore/KC417465
http://www.ncbi.nlm.nih.gov/nuccore/OR527539
http://www.ncbi.nlm.nih.gov/nuccore/OR527543
http://www.ncbi.nlm.nih.gov/nuccore/OR526347
http://www.ncbi.nlm.nih.gov/nuccore/OR527540
http://www.ncbi.nlm.nih.gov/nuccore/OR527544
http://www.ncbi.nlm.nih.gov/nuccore/OR526348
http://www.ncbi.nlm.nih.gov/nuccore/OR526354
http://www.ncbi.nlm.nih.gov/nuccore/MT774218
http://www.ncbi.nlm.nih.gov/nuccore/MT774225
http://www.ncbi.nlm.nih.gov/nuccore/MT774246
http://www.ncbi.nlm.nih.gov/nuccore/MT774232
http://www.ncbi.nlm.nih.gov/nuccore/MT774239
http://www.ncbi.nlm.nih.gov/nuccore/MT774219
http://www.ncbi.nlm.nih.gov/nuccore/MT774226
http://www.ncbi.nlm.nih.gov/nuccore/MT774247
http://www.ncbi.nlm.nih.gov/nuccore/MT774233
http://www.ncbi.nlm.nih.gov/nuccore/MT774240
http://www.ncbi.nlm.nih.gov/nuccore/KJ878924
http://www.ncbi.nlm.nih.gov/nuccore/KJ878891
http://www.ncbi.nlm.nih.gov/nuccore/KJ878970
http://www.ncbi.nlm.nih.gov/nuccore/KJ879004
http://www.ncbi.nlm.nih.gov/nuccore/AB968392
http://www.ncbi.nlm.nih.gov/nuccore/AB968420
http://www.ncbi.nlm.nih.gov/nuccore/AB968584
http://www.ncbi.nlm.nih.gov/nuccore/AB968546
http://www.ncbi.nlm.nih.gov/nuccore/KJ878925
http://www.ncbi.nlm.nih.gov/nuccore/KJ878892
http://www.ncbi.nlm.nih.gov/nuccore/KJ878971
http://www.ncbi.nlm.nih.gov/nuccore/KJ879005
http://www.ncbi.nlm.nih.gov/nuccore/MF614655
http://www.ncbi.nlm.nih.gov/nuccore/MF614639
http://www.ncbi.nlm.nih.gov/nuccore/MF614669
http://www.ncbi.nlm.nih.gov/nuccore/MF614675
http://www.ncbi.nlm.nih.gov/nuccore/AB968388
http://www.ncbi.nlm.nih.gov/nuccore/AB968416
http://www.ncbi.nlm.nih.gov/nuccore/AB968574
http://www.ncbi.nlm.nih.gov/nuccore/AB968536

Zhong-Shun Xu et al.: Two new Ophiocordyceps species in Guizhou Karst Forests

¥710¢ ‘|e 10 1puend - LLO6L8MA LL68L8M £688L8M LE6BLBMM e191doa|0) 0€V8L4d SNL ejewo.isoaindind 0
LLOZ [e 12 Jo|day - 0Lcy06eno 602v706N9O So€eleLavy 80¢¥06N9 e ‘essrdouswiAH 7¥00€ 4 SNL ejeund 0
8102 '|e 1@ pie-esbuen LL9V 194N L99%7 L94N 0€9YL94IN 9Y9¥L94dIN - 1ue ‘essrdouswiAH €¥8€5004 sienofoeopnasd ‘0
8102 '|e 1o pie-esbuen 9/9% 194N 2997 194N 6297 L94IN SY9vL9dIN - e ‘essrdouswiAH 962617004 suejnooeopnasd 0
600¢ '|e 19 uosuyor 78069€N3 €9069€N3 72069€N3 L¥069€N3 90L69€N3 ezydiwaH 766CL FHN esounid 0
8L0Z ‘[e1@ ND - VSLEGOAM EGLESOAM - CSLEGOAM esa1douswAH €0 ue HOX snisuod 0
GL0Z 'Ie 19 [MepeydIM (00000000NDM1)s90UBNDAS p|ojyEOS dWOUSB SH WOl Pa3d3||o - CLEYS 004 e1eauny- siyoeyiAjodo
8102 '[e 1o pse-esbuen /97 194N 9997 L94IN V€97V L94N LS9 L94dN - - 29557004 1e108y311edonosoned 0
8102 '[e 1 pie-esbuen LZ9¥ 194N L9997 194N GEIVL9dN 0597 L94IN - - L8/6€004 ejeroayyadonosoned 0
2202 ‘|e 18 bue| - 708€LELO 208€LEMO 71156¢d0 LL1S62d0 - 7816902CJ04A eJ0dso]eno 0
2202 ‘|e 18 bue| G08ELELO €08€LEO LOBELEMO €L156¢d0 - - LO090CCHHA eJ0dsoleno 0
(eyseow
810z ‘e 10 olnery - 80LELLXMA L89ELLXM 009€LLXA CS9ELLXA siyoeyhjod) essrdouswiAy eLr 11ej00 0
£002 |e 10 elojeleds - 8/€2750A £€€2250a €9/8150a 6¥522500a Bng suns ¥660LL OSO suenu ‘0
GL0¢ '|e 19 ueg 6758964V - 8868964V 8CVLY6NIr ELLLYONI - 76001 O4AN suenu ‘0
¢c0g 'le 1w uns £Z8898NO GZ8898NO CC8898NO E€8EECLNO GBEECLNO eiardopida L7002 HHA sisuabuellnu 0
¢cog e w uns 9¢8898NO €¢8898N0O 0Z8898NO LBEECLNO 78EECLNO aepijeldaH 0888004A sisusbuellnu 0
9L0¢ ‘|e 18 snoip 608EL9XA - CLBELIXA 0L8ELIXMA LL8ELIXMA esaidouswAy €9€GS dibg aejualoou 0
£002 ‘e 18 bung 02689743 998891743 85/89v43 81889743 £9689¥43 ess1dopidan JALARONEE| e[Labiu 0
#7102 [e 1@ 1puenp - - 9/68L8M 9688L8M 0€6848M - €06LSL OSO euenyjorosu ‘0
810z ‘|e 10 ofnery - LOLELLXMA - 68SGELLXA V99ELLXM esaidouswAy INVSHMVA aed0.3dIWORY O
7102 [e 18 1puend - 6006/8M GL68L8M G688L8M 6268/8M - 0CLLZ SNL ejiydodawAw 0
202 "|e 18 Buad - 800648M VL68L8M 7688.8M 8C68L8M - 0LZLN3D ejiydodswuAw 0
¥20z '|e 18 buad - ¢5€9¢SH0 67€9¢540 S¥S/2SH0 - eizydopida 6/£8CL0CCAS ejepneaisnw ‘0
810¢ '[e 1o pie-esbuen 28917 1L94dIN - L9 L94dN LG9V L94dIN - eigydopida] 80069 009 ejeayadnNWw 0
810¢ '[e 1o pie-esbuen €897194N 0£9¥194IN 0v9r 194N 9597194\ - eiaydopida] L98¢¢ 304 ejeayadnNWw 0
810z ‘e 19 olnesy - CLLELLXA - S09ELLXA LY9ELLXA ela1douswAH VL4AN Siproeuow ‘0
£00¢ ‘| 19 elojereds - 9/€22500 LEECesoa - - e1s1dos|o) £€660LL 2SO aeyjuojopW 0
S10Z e 10 uenfueg - 999859 Y7090 89/0190M - - 6,9216ydo aeyuojojpW 0
261605 LdTNO
¥¢0¢ 'le 19 leq 1ALLOOONOQINN | HALLOOONOQWN | dALLOOONDOQAN | NALLOOONOQIAN | TALLOOONOAIANN sepijeldaH J04A ejebaw 0
¥¢0¢ 'le 19 leq SALLOOONOQAIN | DALLOOONOQIAN | OALLOOONOAQINN | WALLOOONOQIAN | MALLOOONOQIAN sepijeldaH L00£0SL JAWO HHA ejebaw 0
710 ‘e 1@ 1puenp - - 6568/8M G/88L8M L1688 - 0GG8L4 SNL Siie[nojoeoloew ‘0
GL0¢ '|e 19 ueg 8€68968V - 9/58968V 8178968V 06€8968V sepijeldaH 688501 OHEN Siie[nojoeoloew ‘0
SL0C ‘|e1s ueg ££58968V - G/58968V £1¥8968V 68€8968V sepijeldaH 888501 JdAN Slig[ndioeosoew ‘0
seouaIaey zqdi Lqds e-149} nsHu nssiu 1S0H 13Y2NopA saloadg

MycoKeys 114: 1-27 (2025), DOI: 10.3897/mycokeys.114.134323


http://www.ncbi.nlm.nih.gov/nuccore/AB968389
http://www.ncbi.nlm.nih.gov/nuccore/AB968417
http://www.ncbi.nlm.nih.gov/nuccore/AB968575
http://www.ncbi.nlm.nih.gov/nuccore/AB968537
http://www.ncbi.nlm.nih.gov/nuccore/AB968390
http://www.ncbi.nlm.nih.gov/nuccore/AB968418
http://www.ncbi.nlm.nih.gov/nuccore/AB968576
http://www.ncbi.nlm.nih.gov/nuccore/AB968538
http://www.ncbi.nlm.nih.gov/nuccore/KJ878911
http://www.ncbi.nlm.nih.gov/nuccore/KJ878875
http://www.ncbi.nlm.nih.gov/nuccore/KJ878959
http://www.ncbi.nlm.nih.gov/nuccore/KC610768
http://www.ncbi.nlm.nih.gov/nuccore/KC610744
http://www.ncbi.nlm.nih.gov/nuccore/KF658666
http://www.ncbi.nlm.nih.gov/nuccore/DQ522331
http://www.ncbi.nlm.nih.gov/nuccore/DQ522376
http://www.ncbi.nlm.nih.gov/nuccore/KX713647
http://www.ncbi.nlm.nih.gov/nuccore/KX713605
http://www.ncbi.nlm.nih.gov/nuccore/KX713712
http://www.ncbi.nlm.nih.gov/nuccore/MF614656
http://www.ncbi.nlm.nih.gov/nuccore/MF614640
http://www.ncbi.nlm.nih.gov/nuccore/MF614670
http://www.ncbi.nlm.nih.gov/nuccore/MF614683
http://www.ncbi.nlm.nih.gov/nuccore/MF614657
http://www.ncbi.nlm.nih.gov/nuccore/MF614641
http://www.ncbi.nlm.nih.gov/nuccore/MF614682
http://www.ncbi.nlm.nih.gov/nuccore/OR527545
http://www.ncbi.nlm.nih.gov/nuccore/OR526349
http://www.ncbi.nlm.nih.gov/nuccore/OR526352
http://www.ncbi.nlm.nih.gov/nuccore/KJ878928
http://www.ncbi.nlm.nih.gov/nuccore/KJ878894
http://www.ncbi.nlm.nih.gov/nuccore/KJ878974
http://www.ncbi.nlm.nih.gov/nuccore/KJ879008
http://www.ncbi.nlm.nih.gov/nuccore/KJ878929
http://www.ncbi.nlm.nih.gov/nuccore/KJ878895
http://www.ncbi.nlm.nih.gov/nuccore/KJ878975
http://www.ncbi.nlm.nih.gov/nuccore/KJ879009
http://www.ncbi.nlm.nih.gov/nuccore/KX713664
http://www.ncbi.nlm.nih.gov/nuccore/KX713589
http://www.ncbi.nlm.nih.gov/nuccore/KX713701
http://www.ncbi.nlm.nih.gov/nuccore/KJ878930
http://www.ncbi.nlm.nih.gov/nuccore/KJ878896
http://www.ncbi.nlm.nih.gov/nuccore/KJ878976
http://www.ncbi.nlm.nih.gov/nuccore/EF468963
http://www.ncbi.nlm.nih.gov/nuccore/EF468818
http://www.ncbi.nlm.nih.gov/nuccore/EF468758
http://www.ncbi.nlm.nih.gov/nuccore/EF468866
http://www.ncbi.nlm.nih.gov/nuccore/EF468920
http://www.ncbi.nlm.nih.gov/nuccore/KX673811
http://www.ncbi.nlm.nih.gov/nuccore/KX673810
http://www.ncbi.nlm.nih.gov/nuccore/KX673812
http://www.ncbi.nlm.nih.gov/nuccore/KX673809
http://www.ncbi.nlm.nih.gov/nuccore/ON723384
http://www.ncbi.nlm.nih.gov/nuccore/ON723381
http://www.ncbi.nlm.nih.gov/nuccore/ON868820
http://www.ncbi.nlm.nih.gov/nuccore/ON868823
http://www.ncbi.nlm.nih.gov/nuccore/ON868826
http://www.ncbi.nlm.nih.gov/nuccore/ON723385
http://www.ncbi.nlm.nih.gov/nuccore/ON723383
http://www.ncbi.nlm.nih.gov/nuccore/ON868822
http://www.ncbi.nlm.nih.gov/nuccore/ON868825
http://www.ncbi.nlm.nih.gov/nuccore/ON868827
http://www.ncbi.nlm.nih.gov/nuccore/JN941713
http://www.ncbi.nlm.nih.gov/nuccore/JN941428
http://www.ncbi.nlm.nih.gov/nuccore/AB968588
http://www.ncbi.nlm.nih.gov/nuccore/AB968549
http://www.ncbi.nlm.nih.gov/nuccore/DQ522549
http://www.ncbi.nlm.nih.gov/nuccore/DQ518763
http://www.ncbi.nlm.nih.gov/nuccore/DQ522333
http://www.ncbi.nlm.nih.gov/nuccore/DQ522378
http://www.ncbi.nlm.nih.gov/nuccore/KX713652
http://www.ncbi.nlm.nih.gov/nuccore/KX713600
http://www.ncbi.nlm.nih.gov/nuccore/KX713681
http://www.ncbi.nlm.nih.gov/nuccore/KX713708
http://www.ncbi.nlm.nih.gov/nuccore/OP295113
http://www.ncbi.nlm.nih.gov/nuccore/OP313801
http://www.ncbi.nlm.nih.gov/nuccore/OP313803
http://www.ncbi.nlm.nih.gov/nuccore/OP313805
http://www.ncbi.nlm.nih.gov/nuccore/OP295111
http://www.ncbi.nlm.nih.gov/nuccore/OP295114
http://www.ncbi.nlm.nih.gov/nuccore/OP313802
http://www.ncbi.nlm.nih.gov/nuccore/OP313804
http://www.ncbi.nlm.nih.gov/nuccore/MF614650
http://www.ncbi.nlm.nih.gov/nuccore/MF614635
http://www.ncbi.nlm.nih.gov/nuccore/MF614667
http://www.ncbi.nlm.nih.gov/nuccore/MF614671
http://www.ncbi.nlm.nih.gov/nuccore/MF614651
http://www.ncbi.nlm.nih.gov/nuccore/MF614634
http://www.ncbi.nlm.nih.gov/nuccore/MF614666
http://www.ncbi.nlm.nih.gov/nuccore/MF614674
http://www.ncbi.nlm.nih.gov/nuccore/KY953152
http://www.ncbi.nlm.nih.gov/nuccore/KY953153
http://www.ncbi.nlm.nih.gov/nuccore/KY953154
http://www.ncbi.nlm.nih.gov/nuccore/EU369106
http://www.ncbi.nlm.nih.gov/nuccore/EU369041
http://www.ncbi.nlm.nih.gov/nuccore/EU369024
http://www.ncbi.nlm.nih.gov/nuccore/EU369063
http://www.ncbi.nlm.nih.gov/nuccore/EU369084
http://www.ncbi.nlm.nih.gov/nuccore/MF614645
http://www.ncbi.nlm.nih.gov/nuccore/MF614629
http://www.ncbi.nlm.nih.gov/nuccore/MF614662
http://www.ncbi.nlm.nih.gov/nuccore/MF614676
http://www.ncbi.nlm.nih.gov/nuccore/MF614646
http://www.ncbi.nlm.nih.gov/nuccore/MF614630
http://www.ncbi.nlm.nih.gov/nuccore/MF614661
http://www.ncbi.nlm.nih.gov/nuccore/MF614677
http://www.ncbi.nlm.nih.gov/nuccore/GU904208
http://www.ncbi.nlm.nih.gov/nuccore/AB721305
http://www.ncbi.nlm.nih.gov/nuccore/GU904209
http://www.ncbi.nlm.nih.gov/nuccore/GU904210
http://www.ncbi.nlm.nih.gov/nuccore/KJ878931
http://www.ncbi.nlm.nih.gov/nuccore/KJ878897
http://www.ncbi.nlm.nih.gov/nuccore/KJ878977
http://www.ncbi.nlm.nih.gov/nuccore/KJ879011

Zhong-Shun Xu et al.: Two new Ophiocordyceps species in Guizhou Karst Forests

£00¢ ‘e 10 elojereds €ev2esoda 28€2250a £€€22500 99/81504 26622500 e191d03|09 000LLLOSO eloydojfis 0
£00¢ ‘e ¥ Bung L€689Y743 788897743 11/89%43 ££889Y43 78689743 - 6660LL 9SO eloydojfis 0
2102 "[e 18 yooyos - 9Z¥Z66NI - 677 LY6NI Z69LY6NI - 676001 JYEN eloydojfis ‘0
ZL0Z '[e 10 Yyooyos 758969V LTYT66NI 0858968V 8y LY6NC €69LY6NI - 876001 ¥AN eloydojfis 0
ZL0Z '[e 18 Yyooyos 1758968V 8ZYZ66NI 6/58969V LyYLy6Nr 769LY6NI - L6001 Q¥EN eloydojfis 0
£00T '[e 1 elojeleds €evezsda 78€22500 L€€22S0a 99/81500 2685¢2250a aepuale|d) ei9)dos|o) 000LLL 9SO eloydojfis 0
120z [e 1@ eyz - - 261098 7S0E98MIN L70EIBNIN eaplouolgaua] ela1dosjo) ¥9L0-8LNT4N “ou “ds snjeoyds ‘0
ZL0Z '[e 18 Yyooyds - CEVTO6NI EVYLYE6NT 869LY6NI - 9L¥L0OL QYN ejeydagodayds 0
£00Z '[e 18 bung 0L169%43 €6069%743 ¥9069%43 6/069%43 92169743 eia1diwey G/882L 3SO seJojeleds 0
8102 ‘[e 10 pJe-esbuen 67LLEBOIN 877/ LE8ON 9¥/LEGON Ly 1LE8ON - - S9LLLAN aelojejeds 0
GL0Z '[e 18 ueg 1558969V - 0658968V 2278969V §6£8969V aepipedl) £9690L Q¥GN e134j0qos 0
£00¢ '[e 19 Bung §7689743 G/889v43 - 828891743 2689743 aepipedl) Tr88L MIN e134j0qos 0
OLH
Apms siyp 5€99150d L€991L5Dd 6299150d €€9L6¥0d €65L6v0d ©3p10900) -H1WZZ02-44INZ9 sadwedouls ‘0
LH-HTNZZ0Z
Apms sy ¥€99150d 0€991L50d 82991L50d 2€9L6¥0d 265L6v0d ©3p10900) -44Inz9 saduiesours ‘0
Apms sy €L2.8L0d - z1zL8L0d 06199.0d - esardopida L-OIN0LOZ ¥4INZ9 saduwedsours ‘0
(000000 1L0DEMT)S29UBNDSS P|0}4EOS BLIOUSB S WO P103||0D aepljeldaH selzLarz sisuauls 0
LL0T ' 18 ueyy - 7 896G6SNH 7 9€6G6SINH 206S6SNH - aepljelday 20SO MHND sisuauls 0
AOOOOOOOO>OZ<Vmwo:®:U®m p|ojjeds awouab S1l WoJ} pa1d9||0d wm_u__m_n_mI 8L0D sisuauis Q0
€L0Z ‘e 10 bueyz €L0896XI 800896XI 8L0896Xr €€0896XI 820896XI sepijeldaH #9-60NA sisuauis 0
€L0Z ‘e 10 bueyz ZL0896XI £00896XI £10896XI 2€0896XI £20896XI aepijeldaH 8-LONA sisuauls 0
€L0Z ‘e 10 bueyz LLO8I6XI 900896XI 9L0896XI LE0BIGXI 920896XI aepijeidaH 77-90ZX sisuauls 0
€L0Z ‘e 10 bueyz 600896XI" 700896XI 710896XI 620896XI" ¥20896XM aepijeidaH L0Z-60HD sisuauis 0
€L0Z ‘e 10 bueyz 0L0896XI G00896XI GL0896XI 0£0896X1 GZ0896XI sepijeldaH £61-90HD sisuauls 0
810z '[e 1° olnely - OLLELLXN 789ELLXM LO9ELLXM 0S9ELLXM suapljjowef siyoeyiAjod 6Lr Io1es 0
0202 [e 10 olnely 0856SZLN 8/G6G/LIN G/S6S/IN 6LLLYLLIN SO/LY/LIN - LOHON ejoofpuebles 0
0202 [e 1 olnely - L1S6SL1N v/S6SL1N 9L/LY/IN €0LLYLLN - LOLVYINP ejoofpuebles 0
ZL0Z '[e 10 yooyos 7758969V 8EVZH6NI 7858969V LEYLYENI Y0LLY6NC - 996901 O4EN ejefpayiadisoulbigns ‘o
Z10Z "[e 18 Yyooyos £758969V 6EVZH6NI 1858964V 9eYLY6NI SOLLY6NI - 96001 O4EN ejeroayiadisoulbigns o
€202 '[e 10 NX (000000000ME3dVr)sa0UaNbaS plojyeds BWOUSH S) WOy Pa3d3||0d aepijeldaH rIAoN 1Is14940J 0
€202 '[e 10 NX (000000000Ag3dV)sa0oUaNbaS plojyeds Buwousb ) WOy Pald3||0d aepijeldaH LWon 11s118qo. "0
710z [e 18 }puenpd 056828 TL0648M) 8168L8M) - 2€6848M - 716151 9SO njpuanes o
7102 '|e 18 usp - £10820M 710820r) - 210820 snpou snsseyd 8NHHNZ9 wnuwiyss|sowes 0
7102 '|e 18 Usp - 8L0820r) 910820 - €1L0820r (eepijerdaH) “ds eyjoopuy ZNHZLOZHNZ9 wnwissisowel 0
EERTENET )] NQQL FQQL e-1J9) ns1iu NnSSiu 1SOH J9YdnoA ww_owﬂ_w

MycoKeys 114: 1-27 (2025), DOI: 10.3897/mycokeys.114.134323


http://www.ncbi.nlm.nih.gov/nuccore/KJ028013
http://www.ncbi.nlm.nih.gov/nuccore/KJ028016
http://www.ncbi.nlm.nih.gov/nuccore/KJ028018
http://www.ncbi.nlm.nih.gov/nuccore/KJ028012
http://www.ncbi.nlm.nih.gov/nuccore/KJ028014
http://www.ncbi.nlm.nih.gov/nuccore/KJ028017
http://www.ncbi.nlm.nih.gov/nuccore/KJ878932
http://www.ncbi.nlm.nih.gov/nuccore/KJ878978
http://www.ncbi.nlm.nih.gov/nuccore/KJ879012
http://www.ncbi.nlm.nih.gov/nuccore/KJ878950
http://www.ncbi.nlm.nih.gov/nuccore/JN941705
http://www.ncbi.nlm.nih.gov/nuccore/JN941436
http://www.ncbi.nlm.nih.gov/nuccore/AB968581
http://www.ncbi.nlm.nih.gov/nuccore/JN992439
http://www.ncbi.nlm.nih.gov/nuccore/AB968543
http://www.ncbi.nlm.nih.gov/nuccore/JN941704
http://www.ncbi.nlm.nih.gov/nuccore/JN941437
http://www.ncbi.nlm.nih.gov/nuccore/AB968582
http://www.ncbi.nlm.nih.gov/nuccore/JN992438
http://www.ncbi.nlm.nih.gov/nuccore/AB968544
http://www.ncbi.nlm.nih.gov/nuccore/MT741703
http://www.ncbi.nlm.nih.gov/nuccore/MT741716
http://www.ncbi.nlm.nih.gov/nuccore/MT759574
http://www.ncbi.nlm.nih.gov/nuccore/MT759577
http://www.ncbi.nlm.nih.gov/nuccore/MT741705
http://www.ncbi.nlm.nih.gov/nuccore/MT741719
http://www.ncbi.nlm.nih.gov/nuccore/MT759575
http://www.ncbi.nlm.nih.gov/nuccore/MT759578
http://www.ncbi.nlm.nih.gov/nuccore/MT759580
http://www.ncbi.nlm.nih.gov/nuccore/KX713650
http://www.ncbi.nlm.nih.gov/nuccore/KX713601
http://www.ncbi.nlm.nih.gov/nuccore/KX713684
http://www.ncbi.nlm.nih.gov/nuccore/KX713710
http://www.ncbi.nlm.nih.gov/nuccore/JX968025
http://www.ncbi.nlm.nih.gov/nuccore/JX968030
http://www.ncbi.nlm.nih.gov/nuccore/JX968015
http://www.ncbi.nlm.nih.gov/nuccore/JX968005
http://www.ncbi.nlm.nih.gov/nuccore/JX968010
http://www.ncbi.nlm.nih.gov/nuccore/JX968024
http://www.ncbi.nlm.nih.gov/nuccore/JX968029
http://www.ncbi.nlm.nih.gov/nuccore/JX968014
http://www.ncbi.nlm.nih.gov/nuccore/JX968004
http://www.ncbi.nlm.nih.gov/nuccore/JX968009
http://www.ncbi.nlm.nih.gov/nuccore/JX968026
http://www.ncbi.nlm.nih.gov/nuccore/JX968031
http://www.ncbi.nlm.nih.gov/nuccore/JX968016
http://www.ncbi.nlm.nih.gov/nuccore/JX968006
http://www.ncbi.nlm.nih.gov/nuccore/JX968011
http://www.ncbi.nlm.nih.gov/nuccore/JX968027
http://www.ncbi.nlm.nih.gov/nuccore/JX968032
http://www.ncbi.nlm.nih.gov/nuccore/JX968017
http://www.ncbi.nlm.nih.gov/nuccore/JX968007
http://www.ncbi.nlm.nih.gov/nuccore/JX968012
http://www.ncbi.nlm.nih.gov/nuccore/JX968028
http://www.ncbi.nlm.nih.gov/nuccore/JX968033
http://www.ncbi.nlm.nih.gov/nuccore/JX968018
http://www.ncbi.nlm.nih.gov/nuccore/JX968008
http://www.ncbi.nlm.nih.gov/nuccore/JX968013
http://www.ncbi.nlm.nih.gov/nuccore/HM595902
http://www.ncbi.nlm.nih.gov/nuccore/HM595936
http://www.ncbi.nlm.nih.gov/nuccore/HM595968
http://www.ncbi.nlm.nih.gov/nuccore/PQ766190
http://www.ncbi.nlm.nih.gov/nuccore/PQ787212
http://www.ncbi.nlm.nih.gov/nuccore/PQ787213
http://www.ncbi.nlm.nih.gov/nuccore/PQ497592
http://www.ncbi.nlm.nih.gov/nuccore/PQ497632
http://www.ncbi.nlm.nih.gov/nuccore/PQ516628
http://www.ncbi.nlm.nih.gov/nuccore/PQ516630
http://www.ncbi.nlm.nih.gov/nuccore/PQ516634
http://www.ncbi.nlm.nih.gov/nuccore/PQ497593
http://www.ncbi.nlm.nih.gov/nuccore/PQ497633
http://www.ncbi.nlm.nih.gov/nuccore/PQ516629
http://www.ncbi.nlm.nih.gov/nuccore/PQ516631
http://www.ncbi.nlm.nih.gov/nuccore/PQ516635
http://www.ncbi.nlm.nih.gov/nuccore/EF468972
http://www.ncbi.nlm.nih.gov/nuccore/EF468828
http://www.ncbi.nlm.nih.gov/nuccore/EF468875
http://www.ncbi.nlm.nih.gov/nuccore/EF468925
http://www.ncbi.nlm.nih.gov/nuccore/AB968395
http://www.ncbi.nlm.nih.gov/nuccore/AB968422
http://www.ncbi.nlm.nih.gov/nuccore/AB968590
http://www.ncbi.nlm.nih.gov/nuccore/AB968551
http://www.ncbi.nlm.nih.gov/nuccore/MG831747
http://www.ncbi.nlm.nih.gov/nuccore/MG831746
http://www.ncbi.nlm.nih.gov/nuccore/MG831748
http://www.ncbi.nlm.nih.gov/nuccore/MG831749
http://www.ncbi.nlm.nih.gov/nuccore/EF469126
http://www.ncbi.nlm.nih.gov/nuccore/EF469079
http://www.ncbi.nlm.nih.gov/nuccore/EF469064
http://www.ncbi.nlm.nih.gov/nuccore/EF469093
http://www.ncbi.nlm.nih.gov/nuccore/EF469110
http://www.ncbi.nlm.nih.gov/nuccore/JN941698
http://www.ncbi.nlm.nih.gov/nuccore/JN941443
http://www.ncbi.nlm.nih.gov/nuccore/JN992432
http://www.ncbi.nlm.nih.gov/nuccore/MK863047
http://www.ncbi.nlm.nih.gov/nuccore/MK863054
http://www.ncbi.nlm.nih.gov/nuccore/MK860192
http://www.ncbi.nlm.nih.gov/nuccore/DQ522552
http://www.ncbi.nlm.nih.gov/nuccore/DQ518766
http://www.ncbi.nlm.nih.gov/nuccore/DQ522337
http://www.ncbi.nlm.nih.gov/nuccore/DQ522382
http://www.ncbi.nlm.nih.gov/nuccore/DQ522433
http://www.ncbi.nlm.nih.gov/nuccore/JN941694
http://www.ncbi.nlm.nih.gov/nuccore/JN941447
http://www.ncbi.nlm.nih.gov/nuccore/AB968579
http://www.ncbi.nlm.nih.gov/nuccore/JN992428
http://www.ncbi.nlm.nih.gov/nuccore/AB968541
http://www.ncbi.nlm.nih.gov/nuccore/JN941693
http://www.ncbi.nlm.nih.gov/nuccore/JN941448
http://www.ncbi.nlm.nih.gov/nuccore/AB968580
http://www.ncbi.nlm.nih.gov/nuccore/JN992427
http://www.ncbi.nlm.nih.gov/nuccore/AB968542
http://www.ncbi.nlm.nih.gov/nuccore/JN941692
http://www.ncbi.nlm.nih.gov/nuccore/JN941449
http://www.ncbi.nlm.nih.gov/nuccore/JN992426
http://www.ncbi.nlm.nih.gov/nuccore/EF468982
http://www.ncbi.nlm.nih.gov/nuccore/EF468837
http://www.ncbi.nlm.nih.gov/nuccore/EF468777
http://www.ncbi.nlm.nih.gov/nuccore/EF468882
http://www.ncbi.nlm.nih.gov/nuccore/EF468931
http://www.ncbi.nlm.nih.gov/nuccore/DQ522552
http://www.ncbi.nlm.nih.gov/nuccore/DQ518766
http://www.ncbi.nlm.nih.gov/nuccore/DQ522337
http://www.ncbi.nlm.nih.gov/nuccore/DQ522382
http://www.ncbi.nlm.nih.gov/nuccore/DQ522433

Zhong-Shun Xu et al.: Two new Ophiocordyceps species in Guizhou Karst Forests

710z [e 10 }puend - 0206.8M) G868/8M G068/8M) 0v68/8M - 11966 LSVYINH manbngq ejjaqins
¥10Z "[e 18 }puend 756880 - €8688M €068.8M - - LES8LASNL BULINO BLJOBUOPOd
6102 ‘[E 19 1wes|oyBuop - €SELLZHA €SELLZHN 78SZEEMIN - aeplle[3 ‘ee1dos|o) €9LErHag leyreypoA sed
7102 '[e 10 Usm - LYSLEIN 0¥¥SLZELN - GS6GYELN "ds aepliuobma) 60/2907LSOHNZ9 ejuobie) ted
6L0Z ‘e 10 Hiwes|oxybuopy - 980% LZAN 280V LI 25026 LN - aeplle[] ‘el91dos|o) 60,6481 sisuabueimnyd ed
6102 '[e 10 Jwes|o3Buon - 780¥ LZIIN 080¥ LZAN €8SZEEMN - (ydwAu) eseydoyuo 50£88044 wnodpdoyiio sed
GLOZ ‘el ueq 6558968V - 7658968V Ly Ly6Nr 0ZLLY6Nr - Z900L Q4EN epodouajay ued
£002 "[e 3@ Bung 71689743 65889743 LG/89%43 L 1889743 956891743 eseydopida 24880043 sijoeib ed
£00¢ '[e 1@ Bung €1689%43 85889743 05/89v43 0188943 G5689743 eia1dopida LOLE 0043 sijoeib ed
GL0Z ‘[e 10 uenfueg rL16ZLed) r16TLed) - - 9GS/ L6MM - 7€6216ydo sapjoyjroelb sed
GLOZ '[e 1o ueg 758969V - 0458968V 7178968V 78£8968V - €6680L OGN selfwouso) ed
GLOZ '[e 30 uenlues - 0L6ZLedM 266 L LI 0£SLL16M) 6SS.L6M espone|g €6098L VNH sapjoLiene|q 1ed
GLOT '[e 30 uenlues 786 L LYINM 2062LZd 686 L LI LLSLL6M 29516 - 9zozeweydo eojuozewe ed
£00Z ‘[e 18 Bung 62689743 6/889743 ¥£/89v43 - 9/689743 - £660LL SO ‘yds sdeoApiodoydo
£00T "[e 38 Bung 926891743 - L££89%43 0€8891743 G/689%43 eseidopida 78SZL MHN "gds sdsofpioooiydo
£00z ‘|e 18 Bung 0€689743 - G//89¥43 L€889Y43 €/689743 eisydopida L8SZL MHN "gds sdsofpioooiydo
7102 ‘[ 12 }puenp - - 9868/8M 9068£8M L7688 - ZGZ9L SNL "zds sdsofpiooorydo
¥10¢ "[e 18 }puend - 120648 £868£8M - T68.8M) e191d0a|09 0S29L SNL "zds sdaofpiooorydo
paysiigndun - G269L1LD0 22691100 2/S0LLDO - - 0S8SZLSYMH "Lds sdaofpiooorydo
paysiigndun - ¥269LLD0 1Z69LLDO LLS0LLDO - - 6785Z LSYMH "Lds sdaoApiooorydo
paysijgndun - €26911D0 02691100 0/50LLDO - - EV8SCLSYIH "Lds sdaoApiooorydo
¥10Z "[e 38 }puend €568/8M1 8L06.8M - 2068£8M 8E68/8M 9epIpedl 709661~ SYINH sisuawisnyef 0
€L0T ‘|2 10 UDM - 86/ LEIOM €6/ LE9OM - 68 LEIOM snpou snsseyd 17LNHZL0ZHNZ9 sisuabuajanx 0
€L0Z 'e 10 usm - £6/1€90 26/1E90M - /8/1E90M snpou snsseyd €LNHZL0ZHNZD sisuabuajanx 0
£00T '[e 1 elojeleds £€¥22s0a 98€22500 0¥€22500 69/81500 6552250a uesedig G9€S 43UV sijiqelieA 0
8L0¢ '[e 1o Buem - 8LZET6AM 9LZET6AM CLZETHMN YLZETHA 9epINIooN :eseidopideT LOELNH HHA e[ndIagniun ‘0
8L0¢ '[e 1o Buem - LLTET6M GLZET6M LLZET6AN ELZETOHAN 9epINIooN :eleidopideT LOELNH D04A e[nd1agniun ‘0
8L0Z ‘e 1@ olnery - 0ELELLXN GL9ELLXN 929€LLXM 829€LLXM SHjUBAROLIBS snjouodwie) LI¥3s sifelajejiun -0
GLOZ ‘e 3@ JRg 8q (L0000020dZV1)s29uanbas pjojjeds swouslb sy wouy paros||od - 29108 sijesaiejiun 0
£00T '[e 18 elojeleds 9€¥2250a 68€2250A 6€£€22500 8981500 75522500 essydouswAy ¥/5821 0SO sifelajejiun -0
GL0Z '[e 3@ uenlues 8LLOLIOM ¥£98594) TL0L9OM - 6620190 - 99g1unydo sijelajejiun -0
GLOZ ‘e 1o ueg 7558968V - £658968V €2¥8969V €6€8969Y - 896901 O¥EN 13UB0L} 0
GL0Z ‘[e 10 uenlues - 1298594 S¥£0L9OM €LL0L9OM T6L0L9M - SovLL "dsydo 1unndn 0
£10T "B 38 OBIX - GL9Z/84N €1L92/84N 8L€0S84IN - - 6062-9LN4N sisuauoyeueyl 0
saoualajoy zqds Lqds e-1J9) ns1u nssiu 1SOH 19Yonop sol0ads

10

MycoKeys 114: 1-27 (2025), DOI: 10.3897/mycokeys.114.134323


http://www.ncbi.nlm.nih.gov/nuccore/MF850378
http://www.ncbi.nlm.nih.gov/nuccore/MF872613
http://www.ncbi.nlm.nih.gov/nuccore/MF872615
http://www.ncbi.nlm.nih.gov/nuccore/KC610792
http://www.ncbi.nlm.nih.gov/nuccore/KC610773
http://www.ncbi.nlm.nih.gov/nuccore/KC610745
http://www.ncbi.nlm.nih.gov/nuccore/KF658671
http://www.ncbi.nlm.nih.gov/nuccore/AB968393
http://www.ncbi.nlm.nih.gov/nuccore/AB968423
http://www.ncbi.nlm.nih.gov/nuccore/AB968593
http://www.ncbi.nlm.nih.gov/nuccore/AB968554
http://www.ncbi.nlm.nih.gov/nuccore/KC610799
http://www.ncbi.nlm.nih.gov/nuccore/KC610742
http://www.ncbi.nlm.nih.gov/nuccore/KF658674
http://www.ncbi.nlm.nih.gov/nuccore/KC610718
http://www.ncbi.nlm.nih.gov/nuccore/DQ522554
http://www.ncbi.nlm.nih.gov/nuccore/DQ518768
http://www.ncbi.nlm.nih.gov/nuccore/DQ522339
http://www.ncbi.nlm.nih.gov/nuccore/DQ522385
http://www.ncbi.nlm.nih.gov/nuccore/DQ522436
http://www.ncbi.nlm.nih.gov/nuccore/KX713628
http://www.ncbi.nlm.nih.gov/nuccore/KX713626
http://www.ncbi.nlm.nih.gov/nuccore/KX713675
http://www.ncbi.nlm.nih.gov/nuccore/KX713730
http://www.ncbi.nlm.nih.gov/nuccore/KY923213
http://www.ncbi.nlm.nih.gov/nuccore/KY923211
http://www.ncbi.nlm.nih.gov/nuccore/KY923215
http://www.ncbi.nlm.nih.gov/nuccore/KY923217
http://www.ncbi.nlm.nih.gov/nuccore/KY923214
http://www.ncbi.nlm.nih.gov/nuccore/KY923212
http://www.ncbi.nlm.nih.gov/nuccore/KY923216
http://www.ncbi.nlm.nih.gov/nuccore/KY923218
http://www.ncbi.nlm.nih.gov/nuccore/DQ522555
http://www.ncbi.nlm.nih.gov/nuccore/DQ518769
http://www.ncbi.nlm.nih.gov/nuccore/DQ522340
http://www.ncbi.nlm.nih.gov/nuccore/DQ522386
http://www.ncbi.nlm.nih.gov/nuccore/DQ522437
http://www.ncbi.nlm.nih.gov/nuccore/KC631787
http://www.ncbi.nlm.nih.gov/nuccore/KC631792
http://www.ncbi.nlm.nih.gov/nuccore/KC631797
http://www.ncbi.nlm.nih.gov/nuccore/KC631789
http://www.ncbi.nlm.nih.gov/nuccore/KC631793
http://www.ncbi.nlm.nih.gov/nuccore/KC631798
http://www.ncbi.nlm.nih.gov/nuccore/KJ878938
http://www.ncbi.nlm.nih.gov/nuccore/KJ878902
http://www.ncbi.nlm.nih.gov/nuccore/KJ879018
http://www.ncbi.nlm.nih.gov/nuccore/KJ878953
http://www.ncbi.nlm.nih.gov/nuccore/OQ110570
http://www.ncbi.nlm.nih.gov/nuccore/OQ116920
http://www.ncbi.nlm.nih.gov/nuccore/OQ116923
http://www.ncbi.nlm.nih.gov/nuccore/OQ110571
http://www.ncbi.nlm.nih.gov/nuccore/OQ116921
http://www.ncbi.nlm.nih.gov/nuccore/OQ116924
http://www.ncbi.nlm.nih.gov/nuccore/OQ110572
http://www.ncbi.nlm.nih.gov/nuccore/OQ116922
http://www.ncbi.nlm.nih.gov/nuccore/OQ116925
http://www.ncbi.nlm.nih.gov/nuccore/KJ878942
http://www.ncbi.nlm.nih.gov/nuccore/KJ878987
http://www.ncbi.nlm.nih.gov/nuccore/KJ879021
http://www.ncbi.nlm.nih.gov/nuccore/KJ878941
http://www.ncbi.nlm.nih.gov/nuccore/KJ878906
http://www.ncbi.nlm.nih.gov/nuccore/KJ878986
http://www.ncbi.nlm.nih.gov/nuccore/EF468973
http://www.ncbi.nlm.nih.gov/nuccore/EF468831
http://www.ncbi.nlm.nih.gov/nuccore/EF468775
http://www.ncbi.nlm.nih.gov/nuccore/EF468930
http://www.ncbi.nlm.nih.gov/nuccore/EF468975
http://www.ncbi.nlm.nih.gov/nuccore/EF468830
http://www.ncbi.nlm.nih.gov/nuccore/EF468771
http://www.ncbi.nlm.nih.gov/nuccore/EF468926
http://www.ncbi.nlm.nih.gov/nuccore/EF468976
http://www.ncbi.nlm.nih.gov/nuccore/EF468774
http://www.ncbi.nlm.nih.gov/nuccore/EF468879
http://www.ncbi.nlm.nih.gov/nuccore/EF468929
http://www.ncbi.nlm.nih.gov/nuccore/KJ917562
http://www.ncbi.nlm.nih.gov/nuccore/KJ917571
http://www.ncbi.nlm.nih.gov/nuccore/KM411989
http://www.ncbi.nlm.nih.gov/nuccore/KP212902
http://www.ncbi.nlm.nih.gov/nuccore/KM411982
http://www.ncbi.nlm.nih.gov/nuccore/KJ917559
http://www.ncbi.nlm.nih.gov/nuccore/KJ917570
http://www.ncbi.nlm.nih.gov/nuccore/KM411992
http://www.ncbi.nlm.nih.gov/nuccore/KP212910
http://www.ncbi.nlm.nih.gov/nuccore/AB968384
http://www.ncbi.nlm.nih.gov/nuccore/AB968412
http://www.ncbi.nlm.nih.gov/nuccore/AB968570
http://www.ncbi.nlm.nih.gov/nuccore/AB968532
http://www.ncbi.nlm.nih.gov/nuccore/KJ917556
http://www.ncbi.nlm.nih.gov/nuccore/KP212914
http://www.ncbi.nlm.nih.gov/nuccore/KP212914
http://www.ncbi.nlm.nih.gov/nuccore/EF468955
http://www.ncbi.nlm.nih.gov/nuccore/EF468810
http://www.ncbi.nlm.nih.gov/nuccore/EF468750
http://www.ncbi.nlm.nih.gov/nuccore/EF468858
http://www.ncbi.nlm.nih.gov/nuccore/EF468913
http://www.ncbi.nlm.nih.gov/nuccore/EF468956
http://www.ncbi.nlm.nih.gov/nuccore/EF468811
http://www.ncbi.nlm.nih.gov/nuccore/EF468751
http://www.ncbi.nlm.nih.gov/nuccore/EF468859
http://www.ncbi.nlm.nih.gov/nuccore/EF468912
http://www.ncbi.nlm.nih.gov/nuccore/JN941720
http://www.ncbi.nlm.nih.gov/nuccore/JN941421
http://www.ncbi.nlm.nih.gov/nuccore/AB968594
http://www.ncbi.nlm.nih.gov/nuccore/AB968555
http://www.ncbi.nlm.nih.gov/nuccore/MK332583
http://www.ncbi.nlm.nih.gov/nuccore/MK214080
http://www.ncbi.nlm.nih.gov/nuccore/MK214084
http://www.ncbi.nlm.nih.gov/nuccore/MK192057
http://www.ncbi.nlm.nih.gov/nuccore/MK214082
http://www.ncbi.nlm.nih.gov/nuccore/MK214086
http://www.ncbi.nlm.nih.gov/nuccore/KT345955
http://www.ncbi.nlm.nih.gov/nuccore/KT375440
http://www.ncbi.nlm.nih.gov/nuccore/KT375441
http://www.ncbi.nlm.nih.gov/nuccore/MK332584
http://www.ncbi.nlm.nih.gov/nuccore/MH211353
http://www.ncbi.nlm.nih.gov/nuccore/MH211353
http://www.ncbi.nlm.nih.gov/nuccore/KJ878903
http://www.ncbi.nlm.nih.gov/nuccore/KJ878983
http://www.ncbi.nlm.nih.gov/nuccore/KJ878954
http://www.ncbi.nlm.nih.gov/nuccore/KJ878940
http://www.ncbi.nlm.nih.gov/nuccore/KJ878905
http://www.ncbi.nlm.nih.gov/nuccore/KJ878985
http://www.ncbi.nlm.nih.gov/nuccore/KJ879020

Zhong-Shun Xu et al.: Two new Ophiocordyceps species in Guizhou Karst Forests

The maximum likelihood phylogenetic tree was constructed using IQ-TREE
(Nguyen et al. 2015) with 1000 ultrafast bootstrap replicates (Minh et al. 2013).
The Shimodaira—Hasegawa-like approximate likelihood ratio test was em-
ployed to assess branch support (Guindon et al. 2010). The entire phylogenetic
analysis was performed using PhyloSuite v1.2.2 (Zhang et al. 2020).

The Bayesian inference phylogenetic tree was constructed using MrBayes
3.2.6 (Ronquist et al. 2012) with a partition model. The analysis involved running
two parallel Markov Chain Monte Carlo (MCMC) runs for 50,000,000 generations.
The substitution model settings (Iset) used the general time reversible model (nst
= 6) and a gamma distribution of rate variation across sites (rates = invgamma),
which was applied uniformly across all 10 partitions. To ensure the robustness
of the phylogenetic inference, the initial 25% of sampled data were discarded as
burn-in. The convergence of MCMC chains was monitored throughout the analy-
sis, and the operation was stopped when the average standard deviation of split
frequencies fell below 0.01, indicating convergence. Due to the extensive data-
set and the time-consuming process, we employed the CIPRES Science Gateway
(https://www.phylo.org/portal2/) to conduct the Bayesian phylogenetic analysis.
The consensus tree was visualized and analyzed for tree topology and branch
support using FigTree v.1.6 (http://tree.bio.ed.ac.uk/software/figtree/). While ITS
sequences were not used to build the phylogenetic tree, they helped distinguish
the relationships between the two novel taxa and closely related species.

Results
Phylogenetic analysis

A total of 213 taxa were classified into five well-supported clades within Ophio-
cordyceps based on the combined five-locus dataset (nrSSU, nrLSU, tef, rpbT,
and rpb2) using maximum likelihood (ML) and Bayesian inference (Bl) analyses.
These clades were designated here as the Hirsutella-like A clade (Bl = 0.999),
Hirsutella-like B clade (BI = 1.00), O. nutans clade (Bl = 1.00), and O. ravenelii
clade (Bl = 0.859) (Fig. 1). O. sinocampes was found to belong to the Hirsutel-
la-like A clade, clustering within the H. strigosa sub-clade. It was identified as
a sister species to 0. multiperitheciata. The separate clade with high support
values highlighted the distinctiveness of 0. sinocampes from its closely related
species. Similarly, O. cystidiata was positioned within the Hirsutella-like B clade,
specifically clustering into the H. gigantea sub-clade. It was found to be a sister
species to O. fenggangensis, O. musicaudata, O. alboperitheciata, and H. kuan-
kuoshuiensis. The distinct clade formed by O. cystidiata with high support val-
ues underscores its differentiation from other species within the sub-clade.

Taxonomy

Ophiocordyceps sinocampes X. Zou, Zhong S. Xu & J.J. Qu, sp. nov.
MycoBank No: 854597
Fig. 2

Synonym. Hirsutella campes nom. invalid. X. Zou, J.J. Qu, Y.F. Han & Z.Q. Liang,
Journal of Mountain Agriculture and Biology 40(6): 1-12, 2021 (in Chinese).
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Figure 1. The phylogeny of Ophiocordyceps with emphasis on O. sinocampes, O. cystidiata and their related species
based on 5-locus (nrSSU, nrLSU, tef, rpb1, and rpb2) datasets.
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Etymology. The name sinocampes was derived from “sino,” referring to Chi-
na, and “campes,” referring to the host in Latin, meaning caterpillar.

Holotype. GZUIFR-2010MC(Fig. 2a), CHINA * Guizhou Province: Kuankuoshui
National Nature Reserve (28°6'36"N, 107°2'24"E). The specimen was found on
the larva of Lepidoptera buried in soil, collected in July 2010 by X. Zou (ex-holo-
type: GZUIFR-2010MC-1) (The GenBank accession number of ITS: PQ765882;
nrLSU: PQ766190; tef: PQ787212; rpb2: PQ787213).

Host. The larvae of Lepidoptera.

Description. Stromata: Single, clavate, solid, lignified, yellow-brown, arising
from the head of the host, 120—150 x 0.5-1.0 mm. Fertile part: Cylindrical, yel-
lowish, about 5 cm long. Perithecia: Superficial, ovoid, 320—-350 x 260-300 pym.
Asci: Cylindrical, hyaline, 8-spored, 130-210 x 4-6 pym, with the apex thick-
ened to form a hemispherical ascus cap that is, measuring 5-5.5x 3.2-4.0 ym.
Ascospores: Filiform, hyaline, irregular, multi-septate, disarticulating into sec-
ondary ascospores, 4.5-11 x 1.5-2.0 ym.

Asexual morph: Hirsutella-like.

Colonies: The colony reaches 13-18 mm in diameter after two weeks on
PDA at 22 °C, appearing round with irregular swellings. The edge of the colony
is fluffy, with a slight yellow protrusion in the middle and dark brown pigment
secreted on the back, measuring approximately 10-15 mm in diameter. Hy-
phae: Hyaline, smooth-walled, septate, branched, 1.8-3.6 pm wide. Conidiog-
enous cells: Monophialidic, hyaline, smooth-walled, subulate, growing directly
or laterally from hyphae, tapering gradually into a slender neck (21.6-38.4 pm
long). The base width measures 2.4-4.8 pm, and the neck width measures
0.9-1.5 um. Conidia: Hyaline, smooth, arising solitarily from the apex of conid-
iogenous cells, oval or orange-like shape, often enveloped in a mucous sheath,
usually single, rarely aggregated in pairs or triplets (6—8.4 x 2.9-4.3 ym).

Distribution. China, Guizhou Province: Zunyi and Xingyi City.

Additional specimens examined. GZUIFR-2022MLH-H1 (Fig. 2I), and its
pure culture GZUIFR-2022MLH-H1C, China. Guizhou Province: Malinghe Valley,
Xingyi City (25°8'24"N, 104°57'36"E; altitude, 1068 m). These specimens were
found on a larva of Coccoidea in soil, collected in July 2022 by Xiao Zou, Jiao-
jiao Qu, and Zhongshun Xu.

Notes. The basionym of 0. sinocampes is H. campes, which was initially doc-
umented in the Journal of Mountain Agriculture and Biology (in Chinese) in
2021(Table 2). Notably, the taxonomic validity of H. campes is compromised
due to its description being solely in Chinese, which does not meet the requisite
standards set forth by the International Code of Nomenclature for algae, fungi,
and plants (ICN). According to the ICN, the descriptions of new species must
be provided in English or Latin (McNeill et al. 2012).

Furthermore, based on the priority under ICN, the genus Hirsutella has been con-
sidered as a synonym of the genus Ophiocordyceps (Quandt et al. 2014). Through
morphological and five-gene phylogenetic analyses, it is more appropriate to as-
sign this species to Ophiocordyceps. Since the name O. campes was already used
by Tasanathai et al. (2020), we renamed our species as O. sinocampes.

In this study, we described the sexual stage, completing the species’ sexual
and asexual stage descriptions. Additionally, a new specimen of this species
was reported in the karst landform area— Malinghe Valley, Xingyi, enhancing
our understanding of the species’ hosts and habitats.
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Figure 2. Morphological characteristics of O. sinocampes a—i morphological and micromorphological characteristics of
specimen GZUIFR-2010MC c perithecia d—i ascus and ascospore j—t morphological characteristics of specimen GZUI-
FR-2022MLH-H1 and its pure culture GZUIFR-2022MLH-H1C j=I wild morph m, n fungus in culture o—t phialides and
conidia. Scale bars: 150 um (c); 50 pm (d); 30 um (e=i); 15 um (o-s); 5 pm (t, u).

O. sinocampes is closely related to O. multiperitheciata Tasan., Thanakitp.,
Khons. & Luangsa-ard (Luangsa-ard et al. 2018) and H. strigosa (Petch 1939). Mor-
phologically, O. sinocampes is similar to H. strigosa due to the long and base-in-
flated phialides, but it differs in having tapering phialides of O. sinocampes.

Ophiocordyceps cystidiata X. Zou, Zhong S. Xu & Y.D. Dai, sp. nov.
MycoBank No: 854598
Fig. 3

Etymology. Cystidiata refers to the saccate mucous sheath that envelopes
the conidium.

Holotype. GZUIFR-2023XY-OA5 (Fig. 3b), CHINA * Guizhou Province: Baishi
Mountains, Baiwanyao Village, Xingyi City (25°4'12"N, 99°10'12"E; altitude, 1720
m). These specimens were found on a larva of Hepialidae, buried in soil, collect-
ed in July 2023 by Zhongshun Xu, Binghui Zhou, Yongdong Dai, Huiling Tian, and
Xiao Zou (ex-holotype: GZUIFR-2023XY-OA5C). (The GenBank accession num-
bers: nrSSU, PQ497594; nrLSU, PQ497634; rpb1, PQ516632; rpb2, PQ516636).

Host. The larvae of Hepialidae (Lepidoptera).

Description. Stromata: Arising from the head the host, lignified, solitary, rare-
ly branched, brown to yellow-brown, 60-146 mm long. Fertile part: Cylindrical,
yellowish, without a sterile tip, surface spinous due to protruding ostioles, up to
18 x (0.8-) 1.44 mm.

Perithecia: Immersed, ovoid to oblong-ovate, 355-434 x 178-220 pm. Asci: Cy-
lindrical, hyaline, eight-spored ascus, 133-224 x 5-7 pym, apex thickened to form
an ascus cap, hemispherical, 4.7-5.6 x 3.6—4.0 um. Ascospores: Filiform, hyaline,
irregular, multi-septate, non-disarticulating, 13.2-25.2 x 1.5-2.6 pm, with septa.
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Asexual morph: Hirsutella-like

Colonies: On PDA, reaching 13—-16 mm in diameter after two weeks at 20 °C,
round, irregularly swollen, initially light yellow, gradually changing color with an out-
er layer of white, an inner layer of rose red, and a central white protrusion. The back
of the colony is rose red. Hyphae: The basal hyphae are hyaline, smooth-walled, and
septate; the apical hyphae are verrucose (2.5-3.3 pm wide). Conidiogenous cells:
Growing from verrucose apical hyphae, monophialidic, 22—-56 pm long. The base
is cylindrical, with an inflated structure near the bottom, tapering gradually into a
slender neck. The base width measures 2.4-3.3 pm, and the neck width measures
0.9-1.4 um. Conidia: Arising solitarily from the apex of conidiogenous cells, fusi-
form or orange-like shape, usually solitary, hyaline, smooth-walled, measuring 10—
12 x 2.5-3.2 pm, often enveloped in a hyaline mucous sheath (1.5-3.0 pm thick).

Distribution and habitat. The karst-landform forest of Xingyi City, Guizhou
Province, China.

Additional specimens examined. GZUIFR-2023XY-0A2, 3, 6, 7, 8, 9, 10, 11
(Fig. 3f). Location: China. Guizhou Province: Baishi Mountains, Baiwanyao Vil-
lage, Xingyi City (25°4'12"N, 99°10'12"E; altitude: 1710-1730 m). These spec-
imens were found on a larva of Hepialidae sp. buried in soil, collected in July
2023 by Zhongshun Xu, Binghui Zhou, Yong-dong Dai, Huiling Tian, and Xiao Zou.

Notes. O. cystidiata is closely related to O. fenggangensis (Peng et al. 2024),
0. musicaudata (Peng et al. 2024), O. alboperitheciata (Fan et al. 2021), and H. kuan-
kuoshuiensis (Qu et al. 2021). Morphologically, O. cystidiata is similar to O. fenggan-
gensis and O. musicaudata in the shape of the stromata, fertile part, and perithecia
but it differs by its inconspicuous separate ascospores (Table 3). It also resembles
H. kuankuoshuiensis in asexual morphology but differs in having phialides with a
verrucose apex and conidia enveloped by a thickened mucous sheath.

B /,

i

78 9 10111213 1415

8 ¢

Figure 3. The morphological and micromorphological characteristics of O. cystidiata a wild environment of O. cystidiata
b—f Wild morph g host h, i superficial perithecia j, k, r—u ascus and ascospore i colony m—q phialide and conidium. Scale
bars: 1 cm (g); 1 mm (h); 100 pm (i-j); 20 um (k, r—u); 5 ym (m-q).
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Discussion

Ophiocordyceps sinocampes was originally discovered on a caterpillar in the
Kuankuoshui National Nature Reserve, a non-karst landform area in Guizhou.
In this study, we present a new specimen parasitizing Coccoidea sp. (Hemip-
tera), a typical karst landform environment. Despite significant differences in
host and ecological habitat, no distinguishing differences were observed in the
asexual morph. Furthermore, the specimens were identical in their ITS, nrLSU,
and tef sequences. The initial discrepancy in the nrLSU sequence (GenBank No.
MF623040) was attributed to machine misreading. The only two mutations pre-
sented in the rpb2 gene are synonymous: site 369 (TTG/TTA) [Leu] and site 564
(GTT/GTC) [Val] (Suppl. material 2). Based on the morphological indistinction
and the highly consistent sequences across multiple loci, the evidence strongly
supports that both specimens belong to the same species-0. sinocampes, un-
derscoring the importance of molecular data in species identification.

Moreover, host jumping is also widely discovered in cordycipitiod fungi, such
as Beauveria, Metarhizium and ant-infecting Ophiocordyceps (Pu et al. 2013;
Lin et al. 2020; Patil et al. 2021). The discovery of the host transboundary of O.
sinocampes provides further evidence of this phenomenon in Ophiocordyceps
species. However, considering the differences in hosts, it is necessary to con-
duct omics analyses of the two strains in the future.

O. cystidiata is a recently identified species found in the Xingyi karst land-
form area. It is characterized by its gray-white to yellow fertile part, verru-
cose phialides, and conidia enveloped in a cystic mucous sheath. Among
Ophiocordyceps species with Hirsutella-like characteristics and mucous
sheaths outside the conidia, notable examples include H. shennongjiaensis
(Zou et al. 2016a), H. liboensis (Zou et al. 2010), H. nodulosa, H. tortricicola
(Zou et al. 2016b), and H. kuankuoshuiensis (Qu et al. 2021). However, the
mucous sheath of O. cystidiata is thicker and darker, giving its entire struc-
ture the appearance of a typical lantern.

Karst landform areas represent a distinct geological feature and habitat
type, making the investigation of cordycipitoid fungus biodiversity in these re-
gions highly significant. Zhu et al. (2004) summarized 45 cordycipitoid species
found in the karst areas of Guizhou, Yunnan, and Guangxi, highlighting the rich-
ness of resources in these landscapes. Chen et al. (2022) conducted a study
in the Monkey-Ear Tiankeng karst region (Kaiyang, Guizhou Province), report-
ing 15 species, including 8 new Cordyceps-like fungi, which further illustrated
the abundance of cordycipitoid fungi in the Karst Tiankeng. Our present study
surveyed cordycipitoid resources in the typical karst landform areas of Xingyji,
resulting in the identification of two new species. Karst ecosystems are more
fragile than other ecosystems, with low stability and high vulnerability to distur-
bance. Consequently, conservation is crucial to safeguard the biodiversity and
ecological functions of karst environments.
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