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Identification of a Cordyceps easily confused with Isaria cicadae
Miquel and analysis of bacterial community in sclerotia
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Abstract: [Background] In Zhejiang province, China, the male form of cicada that is called the “male
cicada flower” (Dujiaolong) is more often identified as female form (Isaria cicadae Miquel). So, it is
necessary to distinguish them. [Objective] The theoretical basis for the identification of Isaria cicadae
Miquel and Dujiaolong is provided by the difference of morphology and rDNA ITS sequence. Meanwhile,
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to further understand these two species, we analyzed the composition and function of bacterial community
in sclerotia. [Methods] Technology of strains extraction and purification was conducted to obtain Isaria
cicadae Miquel and Dujiaolong. Morphological characteristics of the cells which sporulate spores from
these two entomopathogenic fungi were identified by microscope. With the technology of high-throughput
sequencing, we analyzed the composition and function of bacterial community in sclerotia. [Results] The
“cicada flower” (Chan-hua) was identified as Isaria cicadae, Dujiaolong was identified as Tolypocladium
dujiaolongae. At the level of bacterial genus, the dominant bacteria in the sclerotia of Isaria cicadae
Miquel is Achromobacter, a genus that is unclassified in Diplorickettsiacea, Rhizobium. In Tolypocladium
dujiaolongae, the sclerotia has some potential pathogenic bacteria (e.g. Sphingobacterium and Serratia).
Based on the bacterial COG database, the function of Isaria cicadae and Tolypocladium dujiaolongae was
similar to each other. Meanwhile, the KEGG Pathway abundance of Isaria cicadae and Tolypocladium
dujiaolongae was close. The 24-functional-gene families of these two species in sclerotia’s bacterial
community were closely related to matter translocation and metabolism. The result show that the bacteria
were highly related to metastasis. [Conclusion] Isaria cicadae Miquel is different from Dujiaolong. And
the composition of bacterial community of these two species in internal sclerotia is different. The bacteria
are mainly involved in the metabolic process of the two entomopathogenic fungi. Due to the pathogenic
bacteria groups in the sclerotia of Tolypocladium dujiaolongae, the food safety of the “Tolypocladium
dujiaolongae” should be skeptical when it is compared with Isaria cicadae Miquel.

Keywords: Isaria cicadae Miquel, Dujiaolong, sclerotia, bacterial community, functional analysis
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Figure 1 Isaria cicadae Miquel and Dujiaolong collected
in natural environment
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Note: A: Isaria cicadae Miquel; B: Dujiaolong
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Figure 2  Strain morphology
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Note: A—D: Morphology of Isaria cicadae Miquel; E-H: Morphology of Dujiaolong; A and E: Surface of colony; B and F: Back of

colony;

C and G: Spore-forming structure of strain; D and H: Spore morphology of strain. Bar=10 um
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Figure 3 Neighbor-Joining phylogenetic tree based on rDNA ITS sequences of target isolates and related isolates
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Note: In the phylogenetic trees, the numbers in brackets means the GenBank accession numbers; the number at the node means the
percentage of occurrence in 1 000 boot-strapped trees; the scale means the genetic distance
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Figure 4 Community composition and relative abundance of sclerotia bacteria in Isaria cicadae Miquel and Dujiaolong

at genus level
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COG function classification

A 100 ¢ M A: RNA processing and modification
I B: Chromatin structure and dynamics
90 + M C: Energy production and conversion
D: Cell cycle control, cell division, chromosome partitioning
80 | E: Amino acid transport and metabolism
M F: Nucleotide transport and metabolism
G: Carbohydrate transport and metabolism
= 70} W H: Coenzyme transport and metabolism
S M I: Lipid transport and metabolism
§ 60 J: Translation, ribosomal structure and biogenesis
S B K: Transcription
S 50t L: Replication, recombination and repair
2 M: Cell wall/membrane/envelope biogenesis
2 40l - - N: Cell motility
s M O: Posttranslational modification, protein turnover, chaperones
E M P: Inorganic ion transport and metabolism
30 ¢ - - I Q: Secondary metabolites biosynthesis, transport and catabolism
B R: General function prediction only
20 F — M S: Function unknown
== W T: Signal transduction mechanisms
10 b " U: Intracellular trafticking, secretion, and vesicular transport
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Figure 5 Prediction and analysis of 16S rRNA gene function of Isaria cicadae Miquel and Dujiaolong
H: A: OTU KFESFEARYE COG MifiEsr2E; B: OTU KFFFEALN M KEGG Pathway HIXT=F
Note: A: COG functional classification of various bacteria at OTU level; B: Bacterial KEGG pathway relative abundance of different

samples at OTU level
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