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ABSTRACT

Singerocybe alboinfundibuliformis (Seok et al.) Yang, Qin & Takah 2014 is an edible mushroom distrib-
uted in several East or Southeast Asian countries. Herein, we report the mitochondrial genome of S.
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alboinfundibuliformis based on Illumina sequencing data. The overall length of the mitochondrial gen-

ome is 64,279 bp, with a GC content of 29.0%. It contains 14 typical protein-coding genes, 27 tRNA
genes, two rRNA genes, and 13 intergenic ORFs. Most of these genes (39 out of 56) are transcribed at
the forward strand, and few (17 out of 56) are transcribed at the reverse strand. Among these genes,
only the rnl gene is invaded by an intron, and all other genes are intron-free. Phylogenetic analysis
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based on mitochondrial amino acid sequences supports the phylogenetic position of S. alboinfundibuli-
formis in Clitocybaceae, being close to Lepista sordida (Schumach.) Singer 1951. This study serves as a
springboard for future investigation on fungal evolution in Clitocybaceae.

1. Introduction

Singerocybe is a fungal genus whose members are sapro-
trophic and usually found in habitats like soils rich in humus,
dead wood, or rotting leaves (Kumla et al. 2016). To date,
only seven species are recognized in the genus with most
being geographically restricted in their distributions (Qin
et al. 2014). Singerocybe alboinfundibuliformis (Seok et al.)
Yang, Qin & Takah (2014) was first described as a new spe-
cies under the name Clitocybe alboinfundibulliforme Seok,
Kim, Park, Kim, Yoo & Park (2009) from Korea (Seok et al.
2009). Based on molecular phylogenetic analysis, it was later
transferred to the genus Singerocybe (Qin et al. 2014). The
fungus is currently known from several different countries in
East or Southeast Asia, including China, Japan, Korea, and
Thailand (Seok et al. 2009; Qin et al. 2014; Kumla et al. 2016).
In China, the fungus has been known from several different
provinces, including Guizhou, Yunnan, Shanxi, Shandong,
Hubei, Jilin, Liaoning, and Beijing (Qin et al. 2014; Deng 2016;
Liu et al. 2022; He et al. 2023), and it is often eaten by local
mycophagists in Guizhou and Yunnan Provinces, China (Deng
2016; Yang et al. 2021).

The genus Singerocybe has been the subject of contro-
versy since its proposal in 1988. For a long time, its family-
level affiliation has been either in Tricholomataceae or
undetermined (Qin et al. 2014). A recent study suggested

Singerocybe as a member of the family Clitocybaceae based
on molecular phylogenetic analyses (He et al. 2023).
Currently, there is no available genome information for spe-
cies in Singerocybe. There are a total of 192 nucleotide
records in GenBank (as of 20 March 2024), mainly focusing
on nuclear ribosomal DNA fragments and protein-coding
genes that are commonly used as markers in molecular
phylogeny.

Mitochondrial DNA can provide insights into fungal evolu-
tion and phylogeny (Bullerwell and Lang 2005). In this study,
we assembled the mitochondrial genome (mitogenome) of
Singerocybe alboinfundibuliformis and deduced its phylogen-
etic position within Agaricales based on mitochondrial amino
acid sequences.

2. Materials and methods

The specimen of S. alboinfundibuliformis used in this study
was collected from Mountain Taishan (37°44'57"N,
112°26'26"E) located in Taiyuan, Shanxi Province, China. A
voucher specimen was deposited in the herbarium at Shanxi
University (Deposit No. FSXU0219; contact person: Yongjie
Zhang, zhangyj2008@sxu.edu.cn). Identification of the speci-
men was verified by both morphology and molecular phyl-
ogeny (Figure 1).
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Figure 1. Morphology and phylogenetic identification of S. alboinfundibuliformis. (A, B) Side and top view of the S. alboinfundibuliformis fruiting body. The photo-
graph was taken by Yongjie Zhang from Mountain Taishan in Taiyuan (37°44'57"N, 112°26'26"E), Shanxi Province, China. (C) ML and BI phylogenetic tree of
Singerocybe species based on the concatenated dataset of four nuclear DNA fragments, namely nrDNA ITS, nrDNA LSU, RPB2, and TEF1, with Clitocybe subditopoda,
Clitocybe candicans, and Lepista irina as outgroups. Bootstrap values (BP) >50% from ML analysis and Bayesian posterior probabilities (PP) >0.80 from BI analysis
are shown at internal nodes. The specimen from this study is highlighted. Among the seven known species in Singerocybe, the type species of the genus,
Singerocybe viscida, has no available DNA sequence and therefore is not included in the phylogenetic analysis.

Total DNA was extracted from the specimen using the
CTAB (cetyl trimethyl ammonium bromide) method (Zhang
et al. 2010). DNA library of 350-bp insert size was constructed
and then used for sequencing using an lllumina NovaSeq
6000 platform at Novogene Co. Ltd. (Beijing, China).
Mitochondrial sequences were de novo assembled using
GetOrganelle v1.7.5 (Jin et al. 2020) and NOVOPlasty v4.3.1
(Dierckxsens et al. 2017). For GetOrganelle, default parame-
ters were used. For NOVOPlasty, we set a genome range of
2000-100,000 and used the output sequences resulting from
GetOrganelle as the seed input. Mitogenome sequence was
annotated by referring to those described previously (Zhang
et al. 2017; Ren et al. 2021). The circular map of the mitoge-
nome was visualized using OGDRAW (Greiner et al. 2019).

In order to know the phylogenetic position of S. alboinfun-
dibuliformis in Agaricales, amino acids of the 14 typical pro-
tein-coding genes (atp6, atp8, atp9; cob, cox1-3; nadl-6, and
nad4l) were used for phylogenetic analysis. Except for the
sequences of S. alboinfundibuliformis reported in the study,

sequences of 36 additional fungal species in Agaricales were
used. Two species in Tremellales, namely Cryptococcus gattii
(Vanbreus. & Takashio) Kwon-Chung & Boekhout 2002 and
Cryptococcus neoformans (San Felice) Vuill. 1901, were
employed as outgroups. Phylogenetic relationships were esti-
mated using both maximum-likelihood (ML) and Bayesian (BI)
approaches as implemented in IQ-TREE v1.6.12 (Nguyen et al.
2015) and MrBayes v3.2.7 (Ronquist et al. 2012), respectively,
with identical settings described in our previous publication
(Ren et al. 2021).

3. Results

We employed both NOVOPIlasty and GetOrganelle to assem-
ble the mitogenome of S. alboinfundibuliformis, and they gen-
erated identical sequences of 64,279 bp in length, with a GC
content of 29.0% and an average sequencing depth of
2558 (Figure 2; Fig. S1). The S. alboinfundibuliformis mitoge-
nome contains 14 protein-coding genes of the oxidative
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Figure 2. Circular map of the S. alboinfundibuliformis mitogenome. The outer ring marks relative positions of different genes, and the inner ring represents GC con-
tents. Blocks outside the ring represent forward strand genes, and blocks inside the ring represent reverse strand genes. Different kinds of genes are shown in differ-
ent colors. The 14 protein-coding genes typically found in fungal mitogenomes and the two rRNA genes are shown in bold. Intron-containing genes are followed

by asterisks after gene names.

phosphorylation system (atp6, atp8, atp9, cob, coxl, cox2,
cox3, nadl, nad2, nad3, nad4, nad4l, nad5, and nad6), two
rRNA genes (rns and rnl), 27 tRNA genes, and 13 intergenic
open reading frames (encoding ribosomal protein S3, DNA
polymerase, or hypothetical protein). Most of these genes (39
out of 56 genes) are transcribed at the forward strand, and
others (17 out of 56) are transcribed at the reverse strand
(Figure 2). Among these genes, there is only one intron-
containing gene (i.e. rnl), and other genes are not invaded by
an intron. The rnl intron (designated as mL2501) is short in
length (only 350bp) and does not encode an intronic ORF
(Fig. S2). It is noteworthy that intergenic region (31,722 bp,
49.3%) accounts for half of the mitogenome.

Phylogenetic analyses based on mitochondrial amino acid
sequences showed that S. alboinfundibuliformis clustered
together with Lepista sordida (Schumach.) Singer 1951 with
100% bootstrap value (Figure 3), forming the Clitocybaceae
clade. The families Clitocybaceae, Lyophyllaceae, and
Tricholomataceae further clustered together to form the

suborder Tricholomatineae in the order Agaricales. All other
Agaricales species clustered according to their known family-
level affiliations.

4, Discussion and conclusions

In this study, the mitogenome of S. alboinfundibuliformis was
sequenced and annotated for the first time. This study repre-
sents the first mitogenome in the genus Singerocybe. Our
phylogenetic analyses based on mitochondrial sequences
support the placement of the fungus within the family
Clitocybaceae. This clustering is consistent with that reported
in a recent study (He et al. 2023).

As for the family Clitocybaceae, six genera are currently
recognized, namely Clitocybe, Collybia, Dendrocollybia, Lepista,
Pseudolyophyllum, and Singerocybe (He et al. 2023). Currently,
Lepista and Singerocybe have available mitogenome informa-
tion. Other four genera still lack an available mitogenome. In
addition, the taxonomy of the suborder Tricholomatineae has
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Figure 3. Phylogenetic tree constructed based on 14 core protein-coding genes. The phylogenetic tree shows the evolutionary relationships between S. alboinfundi-
buliformis and 36 other Agaricales species, with Cryptococcus gattii and Cryptococcus neoformans as the outgroups. The tree shown here was the single best top-
ology recovered from ML, and the topology was identical to that recovered from BI. Support values from ML (before forward slash) and BI (after forward slash)
analyses are given for nodes receiving strong supports (i.e. ML bootstrap values >70% or Bl posterior probability >0.95). The sample resulting from this study is

denoted in triangle.

been recently revised to include 12 families (Vizzini et al.
2024); however, only three of these families have available
mitogenome information. To gain evolutionary insights into
fungal evolution in Clitocybaceae and Tricholomatineae,
mitogenomes from more species are expected in the future.
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