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Characteristics of gut fungal community at different
developmental stages of the rainbow stag beetle
Phalacrognathus muelleri (Coleoptera: Lucanidae)
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1 School of Resources and Environmental Engineering, Anhui University, Hefei 230601, Anhui, China
2 Anhui Province Key Laboratory of Wetland Ecosystem Protection and Restoration, Hefei 230601, Anhui, China

Abstract: [Objective] Gut fungal microorganisms play multiple roles in the life history of their
hosts as indispensable part of gut microbiota. Although stag beetles are common saprophytic
insects, little is known about their gut fungal community. In this study, we compared the
structure and diversity of gut fungi at different developmental stages of the rainbow stag beetle,
Phalacrognathus muelleri, aiming to reveal the characteristics of the fungi at different
developmental stages of this insect. [Methods] We employed high-throughput sequencing
(Illumina MiSeq) to study the gut fungal community structure in the newborn larvae, mature larvae,
and adults of P. muelleri. Further, we analyzed alpha and beta diversity and carried out functional
prediction for the fungi. [Results] The predominant fungal genera in the gut of P. muelleri were
Candida, Phialocephala, Penicillium, and Lecythophora. The composition and diversity of the
gut fungal community were significantly different between the larvae and adults, which may be
associated with their different diets. The functional prediction showed that endosymbiotic fungi in
the larval gut had higher diversity and relative abundance, suggesting that the larvae might depend
more on the beneficial fungal taxa in the gut to obtain nutrients. The results of the abundance-based
B-null deviation showed that the adult gut exerted a stronger filtering effect to select specific fungal
taxa. Thus, the adults might build a more stable co-occurrence network of gut fungal community
which supported them to adapt to the environmental fluctuations. [Conclusion] Different groups of
functional fungi are involved in the food degradation of P. muelleri at different developmental
stages. The larvae may depend more on gut fungi, and the adult gut has strong filtering effect to
select specific groups of fungi and maintain the stability of the gut fungal community. Our study
enhances our understanding of the gut microbiota of stag beetles, which can aid in the conservation
and utilization of these saprophytic beetles as an important functional group in ecosystems.
Keywords: saprophytic insect; Phalacrognathus muelleri; gut fungal community; Illumina
MiSeq; developmental stages
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Figure 1 The overlapping of intestinal fungal operational taxonomic units (OTU) (A) and fungal alpha
diversity at different developmental stages (B). B1: Comparison of OUT richness in different developmental
stages; B2: Comparison of Chaol index in different developmental stages; B3: Comparison of OUT richness
in different sexs; B4: Comparison of Chaol index in different sexs. Different letters above box plots indicate
significant differences at 0.05 level.
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Phialocephala. B: Lecythophora. C: Penicillium. D: Candida.
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Figure 3 The difference in intestinal fungal community structure were analyzed by NMDS. A: The
intestinal fungal of different developmental stages community compositions. B: The intestinal fungal of
different sexes community compositions.

x1 XAHEUDIFEBETERLXBMBEAMTE MR 2 EFEEEFSHENNER
Table 1 Comparison of the difference in intestinal fungal community composition among developmental
stages and between different sexes using similarity analysis

Stages ANOSIM
R P

Neonate larval vs. mature larval 0.134 0.063
Neonate larval vs. adult 0.658 0.001
Mature larval vs. adult 0.741 0.001
Larval vs. adult 0.785 0.001
Mature larval @ vs. mature larval & 0.160 0.033
Adult Q vs. adult & —0.082 0.765
Mature larval @ vs. adult @ 0.667 0.001
Mature larval & vs. adult & 0.816 0.001

*2 AR%XBMEBERER SIMPER 5317
Table 2 The SIMPER analysis for different developmental stages

Taxonomy Contribution (%)

Neonate larval vs. mature larval Neonate larval vs. adult Mature larval vs. adult

s Phialocephala humicola 27.04 15.53 8.44
s Candida sojae 15.54 18.80 22.52
s Lecythophora fasciculata 10.99 7.48 -

s Trichosporon veenhuisii 5.67 - -

s Scedosporium prolificans 4.84 - -

s Kazachstania exigua - 5.92 7.18
s__Williopsis californica var. dimennae — 4.94 6.48
s Candida quercitrusa - - 6.00

— indicates that the fungus is not present in the given group.
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Figure 5 The LEfSe analysis for intestinal fungi among different developmental stages.
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Table 3

T R M Sk Y o T ol A 0 v T R 9 =2 M) 7 ik
AL BT, AR BB A M
ZEREN R R T RE (A 6A). LIAR
SETE PE DA W A5 A5 5E 1, 55T A 40 HURL 4l
I, MR AT E P (8 6B). A fi ik
TR R 2R SR R, WAL T BB
W28 A MRFAEREA T 58 L2 8 B R 27 R 45
SLIREE, AU E B M 2% 52 2R 2 (66.621) ] 2.
15 TR R4 HU(55.933) MIEAR) HL(45.030; 3% 4).

Intestinal fungal indicator species in different developmental stages

Stage Taxonomy Relative abundance (%) P value
Neonate larval s__ Phialocephala humicola 16.504 0.032
s Lecythophora fasciculata 5.930 0.001
s__Coniochaeta gigantospora 1.578 0.007
s Pseudogymnoascus roseus 0.512 0.034
S Mortierella amoeboidea 0.279 0.042
s__Penicillium abidjanum 0.225 0.015
s Candida albicans 0.087 0.026
s Arnium gigantosporum 0.038 0.021
s Gymnopilus aeruginosus 0.025 0.046
s Gibberella intricans 0.024 0.018
S Mortierella parvispora 0.012 0.018
s __Acremonium alternatum 0.010 0.006
s__Dioszegia takashimae 0.009 0.034
s Cyathus stercoreus 0.007 0.033
s Humicola nigrescens 0.006 0.034
s__ Pestalotiopsis rhododendri 0.003 0.027
s Holtermannia corniformis 0.001 0.047
s__Penicillium adametzii 0.001 0.042
Mature larval s__Scedosporium prolificans 2.957 0.050
s__ Penicillium spinulosum 1.816 0.017
s__ Chloridium virescens var. chlamydosporum 1.101 0.005
s__Mycothermus thermophilus 0.615 0.004
S Westerdykella dispersa 0.374 0.021
s__Penicillium bialowiezense 0.127 0.002
s__ Penicillium christenseniae 0.028 0.007
s Aspergillus caesiellus 0.007 0.020
s__Acremonium polychromum 0.001 0.041
Adult s Candida sojae 22.469 0.027
s Kazachstania exigua 5.218 0.009
(155k)
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(84 3)
Stage Taxonomy Relative abundance (%) P value
s Candida quercitrusa 3.947 0.002
s__Hanseniaspora thailandica 3.579 0.005
s Williopsis californica var. dimennae 3.389 0.001
s Candida tropicalis 1.185 0.003
S Wickerhamomyces anomalus 0.693 0.001
s__Candida boleticola 0.664 0.001
s Vanrija humicola 0.374 0.007
s__Debaryomyces udenii 0.372 0.003
s__Torulaspora delbrueckii 0.315 0.001
s Wallemia sebi 0.149 0.011
s__Capronia semi-immersa 0.126 0.017
s Zygosaccharomyces rouxii 0.092 0.028
s Candida maltosa 0.032 0.030
S Malassezia restricta 0.014 0.017
s Saccharomycopsis schoenii 0.012 0.007
s Zygosaccharomyces microellipsoides 0.009 0.002
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Figure 6 The analysis of intestinal fugal co-occurrence network structure (A) and natural connectivity (B)
at different developmental stages.
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