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ARTICLE INFO ABSTRACT
DOI:10.46223/HCMCOUJS. During our expedition at Lang Biang Biosphere Reserve,
tech.en.13.1.2641.2023 samples of DL0023, parasitizing on wasps, were collected, then sent

to the biology laboratory, Dalat University, Lam Dong Province,
Vietnam, to preliminarily morphologically identify the name of this
species as Ophiocordyceps sphecocephala. The method of Phenol
Received: February 07, 2023 (pH = 8)/Chloroform method was applied to isolated DNA. The PCR
' ’ assays and sequencing were performed to amplify and sequencing
Revised: March 01%, 2023 ITS, nrLSU, and nrSSU, respectively. The phylogenetic methods of
Accepted: March 03¢, 2023 neighbor-joining, maximum likelihood, and maximum parsimony
were constructed to identify the relationship between DL0023 and

referent sequences. We successfully amplified and sequenced the

target genes, and constructed concatenated data containing 29, 33,

and 30 sequences of ITS, nrLSU and nrSSU, respectively, belonging

to Clavicipitaceae clade A, clade B and clade C, and 02 sequences

belonged to Glomerellaceae. The results of phylogenetic analysis

shown that DL0023 was accepted at Ophiocordyceps and strongly

Keywords: formed the monophyletic group Ophiocordyceps sphecocephala
entomopathogenic fungi; Lang With a high supported value. In conclusion, the concatenated
Biang Biosphere Reserve; dataset’s phylogenetic analyses effectively supported the

Ophiocordyceps; phylogeny identification of DL0023 as Ophiocordyceps sphecocephala.

1. Introduction

The genus of Ophiocordyceps (Hypocreales, Ascomycota) comprises fungal species
parasitizing arthropods, which was originally described by Petch in 1913 (Tasanathai et al., 2019).
Species of Ophiocordyceps were described as being present on a wide range of insect hosts,
including Lepidoptera, Neuroptera, Diptera, Hemiptera, Coleoptera, Hymenoptera, Isoptera, and
Odonata (Luangsa-Ard, Tasanathai, Thanakitpipattana, Khonsanit, & Stadler, 2018).
Ophiocordyceps has a pan-global distribution. However, reports indicate that the tropics and
subtropics have the largest species diversity (Luangsa-Ard et al., 2018). Furthermore, bioactive
comp ounds have been found in various species of Ophiocordyceps, such as Ophiocordyceps
sinensis, Ophiocordyceps xuefengensis, Ophiocordyceps sobolifera, etc. with a wide range of
pharmacological activities (Jin et al., 2018; Le et al., 2022; Xu et al., 2016). Unsustainable and
widespread harvesting of this caterpillar-fungus parasitic species has been reported to be causing
threats to these species (Hopping, Chignell, & Lambin, 2018, Lao, Le, & Truong, 2021). Thus,
research on species of Ophiocordyceps is vital to generating insightful data for conserving these
fungi and monitoring biodiversity.
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Ophiocordyceps sphecocephala, synonyms: Sphaeria sphecocephala Klotzsch ex Berk., J.
Bot. (Hooker) 2: 206 (1843); Cordyceps sphecophila (Klotzsch ex Berk.) Berk. & M.A. Curtis, J.
Linn., Soc. Bot. 10: 376. (1868), is an entomopathogenic fungi parasitizing on bees or wasps,
belongs to the genus of Ophiocordyceps, the order of Hypocreales, and the family of
Clavicipitaceae (Sung et al., 2007). Ophiocordyceps sphecocephala has been potential as a novel
therapeutic agent for cancer treatment, anti-asthmatic activities, and so on (Heo et al., 2010; Oh et
al., 2008). It is critical to creating procedures for authenticating Ophiocordyceps sphecocephala
since species identification is a significant and vital process for controlling the quality and
uniformity of herbal medicines. Notably, there is still a paucity of the molecular database applied
for molecular-based authentication. Therefore, we investigated the molecular database as well as
phylogenetic method for identifying Ophiocordyceps sphecocephala, using a combined analysis
of three loci, including ITS, nrLSU, nrSSU.

2. Materials and methods
2.1. Sample collection

We collected a sample of DL0023, a wasp parasite, at Lang Biang Biosphere Reserve
(N12°2°19.0”, E108°26°04.7”, elevation 1680m) through the expedition aiming to evaluate the

entomopathogenic fungi’ diversity.
2.2. DNA extraction, PCR assay for target sequencing

A total of DNA was isolated from dried samples according to the method of
phenol/chloroform (pH = 8) with the addition of beta-mercaptoethanol. (Chomczynski & Sacchi,
1987). The material was mixed with a lysis solution consisting of Tris-HCI pH 8.0, 2.0% SDS,
150mM NaCl, 10mM EDTA, and 0.1 mg/mL Proteinase K. It was fully blended by inverting the
tube many times over overnight incubation at 65°C. The upper phase was collected by centrifuging
at 10,000 rpm/minute, for 10 minutes.

700uL Phenol/Chloroform/Isoamyl alcohol (ratio: 25:24:1) was added and centrifuged.
After being centrifuged, the upper phase was precipitated with 99% ethanol, and DNA was
precipitated by the Isopropanol method. The concentration of DNA was assessed by the method
of OD2so. For further studies, isolated DNA was stored in Tris-EDTA at -20°C.

The primers amplifying the genes of ITS, nrLSU, and nrSSU are listed in Table 1. The
protocol of PCR assay was performed according to the following cycle: 1 cycle at 95°C for
5 minutes, 40 cycles at 95°C for 30s, X°C for 30s, 72°C for 2 minutes, 1 cycle at 72°C for
5 minutes. 5uL aliquots of amplification product were electrophoresed on a 2.0% agarose gel and
visualized. The amplified product was sequenced at Nam Khoa company.

Table 1
The primers used in the current study

Targets Primer Sequence (5°-3°) X°C References
ITS ITS1 (F) CTTGGTCATTTAGAGGAAGTAA £5 Gardes and Bruns
ITS4 (R) | TCCTCCGCTTATTGATATGC (1993)
LROR GTACCCGCTGAACTTAAGC
nrLSU 55

LR5 ATCCTGAGGGAAACTTC

-~ NS1 GTAGTCATATGCTTGTCTC 425
nr .
NS4 CTTCCGTCAATTCCTTTAAG

Sung et al. (2007)

Note: X°C is the annealing temperatures for each target gene
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2.3. Databases of ITS, nrLSU, and nrSSU, DNA proofreading and phylogeny analysis

The databases of ITS, nrLSU, and nrSSU were collected from Genbank (NBCI) based on
the previous data published by Sung et al. (2007). All sequences were collected with the following
information: accession number, name of a taxon, and locality. The ambiguous signals of the
amplified DNA sequences were removed or proofread by using Seaview 4.2.12 and Chromas L.ite
2.1.1 and MEGA (Molecular Evolutionary Genetics Analysis). Finally, the phylogenetic trees
were constructed under the phylogenetic methods: Neighbor-Joining (NJ), Maximum Parsimony
(MP), and Maximum Likelihood (ML), according to the guideline of MEGA.

3. Results
3.1. Amplification of targets: ITS, nrLSU, and nrSSU

The samples of DL0023 were preliminarily morphologically identified as Ophiocordyceps
sphecocephala. Then, the genomic DNA was isolated, and target sequences were amplified
according to the above description; then, electrophoresis on 2.0% agarose gel, which showed a
significant and clear band of 600bps, 950bps, 1000bps for ITS, nrLSU, and nrSSU, respectively
(Figure 1). The amplified product was sequenced, then, ambiguous signals were removed and
proofread, as the result, sequencing signals from target genes’ strands were distinct and good for
reading (data not shown). According to BLAST results, the ITS, nrLSU, and nrSSU of DL0023
exhibited > 90% similarity to the ITS, nrLSU, and nrSSU of Ophiocordyceps sphecocephala
(Accession number: AJ536550).

DL0023 N L N DL0023 L N DL0023

— 1000 bps

nrSSU

Figure 1. Electrophoresis of amplified sequences of DL0023
3.2. The database of target genes and phylogeny analysis

A referent dataset of 29, 33, and 30 sequences of ITS, nrLSU, and nrSSU, respectively,
belonging to Clavicipitaceae, Cordicipitaceae, and Ophiocordycipitaceae, and 02 outgroup
sequences belonged to Glomerellaceae were collected from Genbank and sequences of DL0023
(Table 2). As the result, according to the database, they were divided into three clades:
Clavicipitaceae clade A, clade B, and clade C within their separated subclades.

The model of best-fit evolution for ITS, nrLSU, nrSSU, as well as ITS-nrLSU-nrSSU were
obtained by using the MEGA tool, shown in Table 2. The following models were applied to build
the phylogenetic trees by the methods of Maximum likelihood, Neighbour joining, and Maximum
pasimony from the concatenated data set. The family of Clavicipitaceae clade B formed the
individual group and separated from others. According to the sample of DL0023, DL0023 formed
the monophyletic group with referent taxon: Ophiocordyceps sphecocephala within the high
supported bootstrap values (100 for individual genes analysis, as well as multiple-genes analysis
by NJ/ML/MP), presented in Figure 2 and Figure 3.
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Table 2

The best-fit evolution model of target genes’ analysis

Genes Model, parameters
ITS K2+G, BIC =2336.960, AICc = 1980.897, InL =-934.813
nrLSU TN93+G, BIC = 8885.591, AlCc = 8421.693, InL = -4151.663
nrSSU K2+G, BIC =5340.193, AICc = 4914.001, InL = -2401.822
ITS-nrLSU-nrSSU | TN93+G, BIC =16431.483, AlCc = 15925.994, InL = -7903.906

Gene Bootstrap value (MP)

ITS 100 — Ophiocordyceps sphecocephala AJ536550 ITS
L —— DLO023 TS

nrLSU 32 I: Ophiocordyceps sphecocephala JN941441 nrLSU
DLO023 nrLSU

nrsSSuU 100 I: Ophiocordyceps sphecocephala JN941697 nrSSU
DL0023 nr5SSuU

Figure 2. DL0023 clustered together with Ophiocordyceps sphecocephala with bootstrap support

9911001100 J_,— Ophiocordyceps sphecocephala JN941697 nrSSU AJ536550 ITS JNA41441 nrlSU
| —— DL0023 55U ITS ilSU
Ophiocordyceps stylophora DQ522552 nr3SU JNO49828 TS DQS18766 nrLSU
L Ophiocardyceps acicularis EF468950 nrSSU JNO49820 ITS EF468805 reLSU
Ophiocordyceps gracilis EF468956 nrSSU AJ786564 ITS EF468811 nrLSU
— Ophiocordyceps gracilis EF468955 nrSSU AJT86563 ITS EF468810 niLSU cladeB
Ophiocordyceps rhizoidea EF468970 nrSSU JNO4985T7 ITS EF468825 nrLSU
——: Ophiocordyceps rhizoidea EF468969 nrSSU MH754720 ITS EF468824 nrl SU

Ophiocardyceps nigrella EF468963 nrS5U JN049853 TS EF468818 nrLSU
Ophiocordyceps brunneipunctata DQ522542.nrSSU GUT23777 TS DQ518756 nrlSU

C. unilateralisclade| Clavicipitaceae

Claviceps purpurea EF469122 nrSSU KX977396 TS EF489075 nrLSU
59/71/50 —: ; . s
Claviceps purpurea AF543765 nrSSU KJ529004 ITS AF543789 nrLSU C’a wcepsclade Clawclpltaceae
Claviceps paspali U32401 nrSSU JN049818 ITS U47826 nrLSU | d A
Clade

Claviceps fusiformis DQ522539 nrSSU JNO49817 ITS U17402 nrLSU
T Conoideocrella luteorostrata EF468995 nrSSU JND49859 TS EF468850 niLSU
L Gonoideocrelia iuteorostrata EF468994 nrSSU JND49860 ITS EF468849 nrLSU
[ Verticilium epiphytum MHB58003 nrSSU MHB58003 ITS MHB63561 nrLSU
L Verticillium epiphytum AF339506 nrSSU MHBG1358 TS AF339547 nrlSU

Simplicilium obclavatum AF339567 nrSSU MHBB0859 ITS AF339517 nrLSU
4E Simplicilium lanosoniveum AF339603 nrSSU AJ292395 TS AF338554 nrLSU | Simplicillium clade
Simpiicilium lanosoniveumn AF339602 nrSSU AJ292396 ITS AF339553 nrLSU

C. luteorostralaclade

| Clavicepsclade

Lecanicilium psaliotae AF339508 nrSSU JND49846 TS AF339559 nrLSU Clavicipitaceae
L Lecanicillium fusisporum AF339598 nrSSU MHB59538 TS AF339549 nrLSU

Beauveria scarabaeidicola AF339574 nrSSU JNO4982T ITS AF339524 LU Codycepsclade cladeC

Beauveria caledonica AF339570 nrSSU HQEB0817 ITS AF339520 nrLSU

Cordyceps kyusyuensis EF468960 nrSSU EF368021 ITS EF468813 nrLSU
— Glomerella c?ngulata U48427 nrSSU EUS2008T ITS U48428 nrLSU Out group
L Glomerella cingulata AF543762-nrSSU FJ904831 TS AF543786 nrLSU

100/100/100

Figure 3. Phylogenetic trees of ITS-nrLSU-nrSSU: relationships among DL0023 and
concatenated data set based on the analysis of ML method with bootstrap 1,000.
Each internal branch’s support values correspond to the NJ, MP, and ML methods
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4. Discussion

During our journey to identify the variety of entomopathogenic fungus, the sample of
DL0023 was taken at Lang Biang Biosphere Reserve, which has a great richness of both animals
and flora because of the tropical monsoon environment with high temperatures and rainfall. To
affirm the authenticity of DL0023, morphologically identified as Ophiocordyceps sphecocephala,
the phylogenetic trees of ITS, nrLSU, nrSSU, and ITS-nrLSU-nrSSU were performed. It was noted
that knowing the relationships among a particular fungal group has shown to be a beneficial goal
for molecular phylogenetic methods for fungal evolution (Licking & Hawksworth, 2018).
Nowadays, the molecular data of ITS, nrLSU, and nrSSU were applied to support the species of in
the kingdom of fungi. Herein, the multiple genes analysis of ITS-nrLSU-nrSSU was applied to
strongly strengthen the identification of DL0023, resulting in forming with referent sequence of
Ophiocordyceps sphecocephala within the highly supported bootstrap value (Bootstrap > 99) and
distinguishing from other referent taxon in subclades. Therefore, based on the phylogenetic
analysis, the sample of DL0023 was identified as the Ophiocordyceps sphecocephala. Therefore,
we concluded that the phylogenetic analyses based on the concatenated dataset successfully
strengthened the identification of DL0023 as Ophiocordyceps sphecocephala, collected at Lang
Biang Biosphere Reserve.

5. Conclusion

The phylogenetic analysis of multiple genes of ITS, nrLSU, nrSSU, were successfully
identified the sample of DL0023, which was collected from Lang Biang Biosphere Reserve, as
Ophiocordyceps sphecocephala.
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