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Abstract

A new species, Melanogaster sinensis (Paxillaceae, Boletales), from Jilin Province in Northeast China, is described and 
illustrated based on morphological observations and molecular evidence. It is characterized by hypogeous to semi-hypogeous 
basidiomata, a single-layered peridium, 8spored basidia (10.5–16.0 × 6.0–9.0 µm), and fusiform basidiospores (4.8–6.2 
× 3.0–3.8 μm). Phylogenetic analysis of the ITS dataset placed our collection within Melanogaster as M. sinensis and 
recovered a monophyletic lineage. A full description, illustrations, and phylogenetic analysis results of the new species are 
provided. In addition, the new species is compared with closely related taxa.
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Introduction

The genus Melanogaster Corda (Paxillaceae, Boletales) was established in the early nineteenth century (Corda 1831), 
with M. tuberiformis Corda as the type species. It was historically placed within Melanogastraceae (Hymenogastrales) 
(Zeller 1949), but recent molecular phylogenetic studies have transferred the genus to the Paxillaceae within the 
Boletales (Basidiomycota) (Binder & Hibbett 2006, Lacheva 2015). Morphologically, Melanogaster is characterized 
by gasteroid, hypogeous to semi-hypogeous basidiomata with a prosenchymatic peridium that varies from yellowish to 
brownish, sometimes exhibiting basal or superficial mycelial strands (Xu et al. 2022). The gleba consists of gelatinous 
locules separated by whitish to yellowish sterile veins; the basidiospores are yellow to dark brown and variable in shape 
(globose, ellipsoid, pyriform, or fusiform) (Castellano et al. 1986, Pegler et al.1993, Moreau et al. 2011; Alvarado et 
al. 2021; Xu et al. 2022, Yuan et al. 2024). Ecologically, Melanogaster species are significant ectomycorrhizal (EcM) 
fungi that associate with broadleaved and coniferous hosts, such as members of Betulaceae, Cistaceae, Fagaceae, 
Pinaceae, and Salicaceae (Comandini et al. 2006, Türkoğlu & Castellano 2013). The genus is predominantly distributed 
in the Northern Hemisphere (Europe, North America, and Asia); rare occurrences, such as M. quercus L., have been 
reported in the Southern Hemisphere (Trappe et al. 2009).

Currently, Melanogaster encompasses approximately 36 species (Hyde et al. 2024). Taxonomically, Melanogaster 
is distinct from related sequestrate Paxillaceae genera like Alpova C.W. Dodge, Neoalpova Vizzini, and Paralpova 
Cabero & P. Alvarado, primarily by its peridium structure. Melanogaster has a peridium composed of prostrate or 
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interwoven hyphae, whereas related genera exhibit a pseudoparenchymatous structure with inflated hyphae (Yuan 
et al. 2024). It also differs from the false-truffle genus Rhizopogon Fr. (Rhizopogonaceae) by gel-filled locules and 
pigmented basidiospores (de la Fuente et al. 2021). Phylogenetic analyses consistently recover Melanogaster within 
Paxillaceae Lotsy, alongside with Gyrodon Opat., Paxillus Fr., and Alpova (Binder & Hibbett 2006, Vizzini et al. 2010, 
Moreau et al. 2011, 2013, Alvarado et al. 2021).

In China, studies on Melanogaster date back to 1915, when the first specimen was collected from the Jinshajiang 
Valley in Yunnan Province. It was originally identified as M. variegatus (Vittad.) Tul. & C. Tul., but was later described 
as a novel species, M. ovoidisporus Y. Wang (Wang et al. 1995). A second significant specimen, collected in Beijing in 
1958 and initially determined as M. ambiguus (Vittad.) Tul. & C. Tul., was subsequently republished as M. spinisporus 
Y. Wang (Teng 1963, Wang et al. 1995). Early contributions by Liu et al. (1989) and Wang et al. (1995) suggested 
that China harbors substantial Melanogaster diversity, with several new taxa proposed based solely on morphology. 
However, because these early studies lacked molecular verification, molecular data have yet to confirm the taxonomic 
status of some of these species. More recently, molecular approaches have revolutionized the taxonomy of the genus 
in the region. Xu et al. (2022) revised Melanogaster in China based on the morphology and ITS phylogenetic analyses, 
recognizing ten taxa, including four new species (M. minobovatus L. Fan, X.Y. Yan & Y.Y. Xu, M. panzhihuaensis L. 
Fan, X.Y. Yan & Y.Y. Xu, M. quercicola L. Fan, X.Y. Yan & Y.Y. Xu, and M. tomentellus L. Fan, X.Y. Yan & Y.Y. Xu). 
Furthermore, Yuan et al. (2024) described three additional species from southwestern China (M. cyaneus T.J. Yuan, 
Shu H. Li & Raspé, M. diqingensis T.J. Yuan, Shu H. Li & Raspé, and M. truncatisporus T.J. Yuan, Shu H. Li & Raspé) 
and noted that traditional sections appear non-monophyletic, challenging the current infrageneric classification.

During recent field investigations of Melanogaster in China, we collected specimens that, although morphologically 
resembling M. panzhihuaensis, could not be assigned to any known species due to preliminary differences in 
basidiospore dimensions. Based on morphological characters and molecular phylogenetic analysis, we herein describe 
this distinct lineage as a new species, Melanogaster sinensis.

Materials and methods

Sample collection and examination 

Fresh basidiomata growing in the soil beneath Tilia sp. were collected from Jilin Province. The samples were 
photographed in situ using a Xiaomi 13, and macroscopic characteristics, including peridium color, along with 
associated metadata, were recorded (Rathnayaka et al. 2025). Photographs were focus-stacked and merged using 
Helicon Focus Pro 7.7.5 software. Specimens were dried in an electric food dehydrator at 40 °C (Yang et al. 2024, 
2025), sealed in envelope bags, and deposited in the herbarium of Southwest Forestry University (SWFC), Kunming, 
Yunnan Province, P.R. China.

Morphological observations

The macromorphological descriptions were based on field notes and photos captured in the field and laboratory and 
followed the color terminology of Petersen (1996). Micromorphological data were obtained from the dried specimens 
following observation under a light microscope (Yang et al. 2025). Sections were studied at up to 1000× magnification 
using a Nikon E80i microscope with phase-contrast illumination (Nikon, Tokyo, Japan). Line drawings were produced 
using a fungus plotter. The ultrastructure of basidiospores was examined by Scanning Electron Microscopy (SEM) 
with a Field Emission Scanning Electron Microscope (FESEM) GeminiSEM 360. Measurements and drawings were 
obtained from slide preparations stained with Cotton Blue (0.1 mg aniline blue dissolved in 60 g pure lactic acid). 
Sections were mounted in 2% phloxine B dye (C20H2Br4Cl4Na2O5). For spore measurements, 5% of values from 
each end of the range were excluded, as indicated in parentheses. Sixty basidiospores were randomly selected from two 
specimens for measurement. Results are presented as L, W, and Q, representing the extreme values of length, width, 
and length-to-width ratio, respectively. Mean values are reported as Lm = L ± S.D., Wm = W ± S.D., and Qm = Q ± 
S.D.
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DNA extraction, amplification and sequencing

Genomic DNA was extracted from dried fungal specimens using the CTAB rapid fungi genome extraction kit-DN14 
(Aidlab Biotechnologies Co., Ltd., Beijing, China), following the manufacturer’s instructions (Gu et al. 2025, Yuan 
et al. 2025). The DNA was stored at –20 °C for long-term preservation. Three molecular markers were analyzed, 
including the internal transcribed spacer (ITS). The nuclear ribosomal ITS region was amplified using the ITS5 and 
ITS4 primer pair (White et al. 1990). The PCR protocol for ITS consisted of an initial denaturation at 94 °C for 3 
minutes, followed by 35 cycles of 94 °C for 60 seconds, 56 °C for 60 seconds, and 72 °C for 1 minute, with a final 
extension at 72 °C for 10 minutes (Yang et al. 2024). The PCR products were purified and sequenced at Kunming 
Tsingke Biological Technology Limited Company (Yunnan Province, China). All newly generated sequences were 
deposited in NCBI GenBank (https://www.ncbi.nlm.nih.gov/genbank/) (Table 1).

Phylogenetic analyses

Sequences generated in this study were aligned with additional sequences obtained from GenBank. Alignment was 
performed using MAFFT 7 (https://mafft.cbrc.jp/alignment/server/), with nucleotide sequence direction adjusted 
according to the first sequence and the G-INS-i iterative refinement method selected (Katoh et al. 2019). Manual 
adjustments to the alignment were made using AliView version 1.27 (Larsson 2014). The dataset was initially aligned, 
after which the ITS sequences were combined using Mesquite v. 3.51. The ITS sequence dataset was then used to 
infer the phylogenetic position of the new species within the genus Melanogaster. Sequences generated in this study 
were sourced from GenBank and a recent publication (Xu et al. 2022). Phylogenetic trees were constructed using 
randomized accelerated Maximum Likelihood (ML) and Bayesian Inference (BI) analyses.

Maximum Likelihood (ML) and Bayesian Inference (BI) analyses were conducted on the ITS dataset in accordance 
with previous studies (Zhao & Wu 2017; Zhao et al. 2023). Phylogenetic reconstructions utilized ML tools available in 
the PhyloSuite v1.2.3 platform (Xiang et al. 2023; Zhang et al. 2020). ML phylogenies were generated using IQ-TREE 
v2.2.0, employing 5,000 ultrafast bootstrap replicates and 1,000 SH-aLRT tests to evaluate branch support (Nguyen et 
al. 2015). BI was performed via the Cipres Science Gateway (https://www.phylo.org/portal2/login!input.action) with 
two independent runs, each consisting of 0.5 million replicates and sampling one tree every 1,000 generations. The 
initial 25% of sampled trees were discarded as burn-in, and the remaining trees were used to construct a majority-rule 
consensus and to calculate Bayesian posterior probabilities (BPP) for the clades (Miller et al. 2010).

All trees were viewed in FigTree v. 1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/). The ML bootstrap support 
values ≥ 70 % and Bayesian Posterior Probabilities ≥ 0.95 were presented on topologies from ML analyses, respectively. 
The sequence alignments were deposited in figshare (DOI: 10.6084/m9.figshare.31146655).

TABLE 1. List of species, specimens, and GenBank accession numbers of sequences used in this study.
Species Voucher Country GenBank ITS Reference
Melanogaster ambiguus B-1613 Hungary AJ555513 Unpublished
Melanogaster ambiguus Ch12 Poland KX438335 Unpublished
Melanogaster anatolicus OKA-TR142441 * Turkey OP548645 Crous et al. 2023
Melanogaster anatolicus OKA-TR142442 Turkey OP548646 Crous et al. 2023
Melanogaster broomeanus OTU_718s UK MT095837 Arraiano-Castilho et al. 2021
Melanogaster broomeanus OTU_719s UK MT095838 Arraiano-Castilho et al. 2021
Melanogaster coccolobae 375 ITCV Mexico MZ098622 de la Fuente 2021
Melanogaster coccolobae 378 ITCV Mexico MZ098623 de la Fuente 2021
Melanogaster cyaneus TJ75_1 * China ON427476 Yuan et al. 2024
Melanogaster cyaneus TJ75_2 China ON427477 Yuan et al. 2024
Melanogaster diqingensis WXH_9068 * China ON427482 Yuan et al. 2024
Melanogaster euryspermus OSC158339 JLF1044 USA MN984311 Unpublished
Melanogaster euryspermus OSC158325 JLF1129 USA MN984312 Unpublished

......continued on the next page
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TABLE 1. (Continued)
Species Voucher Country GenBank ITS Reference
Melanogaster intermedius RBG Kew K(M)130202 England EU784372 Brock et al. 2009
Melanogaster intermedius MT48 Germany KX168661 Genbank
Melanogaster luteus S328/PAM09082801 France HQ714780 Moreau et al. 2011
Melanogaster luteus S407/Mon06 Montenegro HQ714794 Moreau et al. 2011
Melanogaster macrosporus B-2254 USA AJ555528 Unpublished
Melanogaster minobovatus BJTC FAN911 * China NR_186967 Xu et al. 2022
Melanogaster natsii OSC82168 JMT7491 USA MN984331 Unpublished
Melanogaster natsii OSC158336 MES297 USA MN984332 Unpublished
Melanogaster obovatus BJTC FAN808 China MW598539 Xu et al. 2022
Melanogaster obovatus BJTC FAN809 China MW598540 Xu et al. 2022
Melanogaster panzhihuaensis HMAS 81915 * China NR_186968 Xu et al. 2022
Melanogaster quercicola BJTC FAN1091* China MW598532 Xu et al. 2022
Melanogaster quercicola BJTC FAN1208 China MW598535 Xu et al. 2022
Melanogaster rivularis S190/PAM08090514 France HQ714731 Moreau et al. 2011
Melanogaster rivularis S285/PAM08090514 France HQ714767 Moreau et al. 2011
Melanogaster shanxiensis HMAS81910 * China MW598550 Xu et al. 2022
Melanogaster sinensis CLZhao 48944 * China PX919889 This study
Melanogaster sinensis CLZhao 48945 China PX919890 This study
Melanogaster spinisporus BJTC FAN941-A China MW598548 Xu et al. 2022
Melanogaster spinisporus BJTC FAN941-B China MW598549 Xu et al. 2022
Melanogaster subglobisporus HMAS83329 * China MW598534 Xu et al. 2022
Melanogaster tomentellus BJTC FAN539 * China MW598538 Xu et al. 2022
Melanogaster truncatisporus TJ83 China ON427478 Yuan et al. 2024
Melanogaster truncatisporus TJ87 * China ON427479 Yuan et al. 2024
Melanogaster tuberiformis JC110130BT Spain MN594289 Alvarado et al. 2021
Melanogaster variegatus JC180617BT Spain MN594290 Unpublished
Paxillus involutus Can12.1 France KF261368 Jargeat et al. 2014

* Indicates type material (holotype); the new species are in bold.

Results

Phylogeny of Melanogaster

A total of 40 internal transcribed spacer (ITS) sequences were utilized to construct phylogenetic trees of Melanogaster. 
The ITS dataset included 40 specimens representing 25 taxa of Melanogaster, with Paxillus involutus designated as 
the outgroup.

RAxML analysis of the combined dataset yielded the best-scoring tree (Figure 1), with a final ML optimization 
likelihood of -4473.692. The alignment contained 756 bp. The matrix had 373 distinct alignment patterns. Estimated 
base frequencies; A = 0.217, C = 0.232, G = 0.263, T = 0.288; substitution rates AC = 1.29834, AG = 3.37969, AT = 
1.00000, CG = 1.29834, CT = 4.96428, GT = 1.000000. The best BI model for the ITS dataset was GTR+I+G; the 
average standard deviation of split frequencies in the Bayesian analyses was 0.009003, and the effective sample size 
(ESS) across the two Bayesian runs was double the average ESS (avg ESS) = 368.5.

BLAST searches of the ITS sequence of Melanogaster sinensis retrieved M. broomeanus and M. rivularis as the 
closest matches among the top ten, with M. rivularis showing the highest similarity (Maximum record descriptions: 
Max score 1247; Total score 1247; Query cover 100%; E value 0; Ident 93.70%). Although BLAST searches 
indicated sequence similarity to M. broomeanus and M. rivularis, the phylogenetic analysis revealed a different 
topology. Melanogaster sinensis forms a distinct, highly supported monophyletic lineage (ML = 100, BPP = 1). In 
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the ITS phylogeny, it clusters with a larger clade comprising M. broomeanus, M. anatolicus, M. variegatus, and M. 
truncatisporus; however, the statistical support for this relationship is relatively low and lacks Bayesian support (ML 
= 83, BPP = 0.73). Furthermore, M. sinensis is phylogenetically distant from M. rivularis.

The ITS-based phylogenetic topology indicated that this new species grouped within the genus Melanogaster, 
with bootstrap support for ML and BI ≥ 70% and 0.95, respectively, as shown in Figure 1, and then grouped with 
Melanogaster truncatisporus.

FIGURE 1. Maximum Likelihood tree illustrating the phylogeny of Melanogaster and related species based on the ITS sequence 
dataset. Branches are labeled with Maximum Likelihood bootstrap values equal to or above 70%, and Bayesian posterior probabilities 
equal to or above 0.95. The new species are in bold.

Taxonomy

Melanogaster sinensis Xin Yang & C.L. Zhao, sp. nov. Figs. 2, 3
MycoBank No.: MB 862143

Etymology: sinensis (Lat.): refers to the species being found in China.
Holotype: China. Jilin Province, Changchun City, Chaoyang County, Jilin University, 43°49′20″N, 125°16′44″E, 

elev. 212.5 m, on the ground, 1 October 2023, CLZhao 48944 (SWFC 00048944).
Description: Basidiomata 1.6–2.5 × 1.1–2.4 cm, hypogeous to semi-hypogeous, subglobose to ellipsoidal, and 

occasionally folded inside, grayish brown to dark brown, surface smooth, with honey-yellow rhizomorphs. Peridium 
single-layered, 34–112 μm thick, composed of interwoven hyphae; thin-walled, branched, interwoven, (3.0–)4.5–9.0(–
10.5) μm diam., smooth, with abundant clamp connections; textura; honey-yellow to grayish brown walls toward the 
outside surface. Gleba black, solid, gelatinous, filled with small chambers separated by sterile white veins, thin-walled 
to slightly thick-walled, branched, interwoven, 3.0–4.5 μm diam., with abundant clamp connections, textura. Basidia 
10.5–16.0 (–19.5) × 6.0–9.0 µm, clavate-capitate, hyaline, 8 spores, randomly distributed, gelatinized at maturity. 
Basidiospores fusiform, (4.1–)4.8–6.2 × 3.0–3.8(–4.1) μm (Lm × Wm = 5.4 ± 0.5 × 3.4 ± 0.3, Q = 1.5–1.6, Qm= 1.5 
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± 0.1, n = 60/2), dark brown at maturity, thick-walled, smooth, with broadly truncate-cupped base and short remnants 
of sterigmata.

Habit, habitat and distribution: Currently only known from the type locality in Jilin Province, Northeast China, 
growing in moss under Tilia sp.

Additional specimen examined (paratype): China. Jilin Province, Changchun, Chaoyang County City, Jilin 
University, 43°49′20″N, 125°16′44″E, elev. 212.5 m, on the ground, 1 October 2023, CLZhao 48945 (SWFC 
00048945).

FIGURE 2. Melanogaster sinensis (CLZhao 48944, holotype). (A) Basidiospores; (B) Basidia; (C) Peridium hyphae. Scale bars: 
A–C = 10 µm.
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FIGURE 3.  Melanogaster sinensis (CLZhao 48944, holotype) (A–C) Basidiomata; (D) Peridium; (E) Peridium hyphae; (F) Gleba 
hyphae; (G) Basidia; (H) Basidiospores; (I) Basidiospores by SEM.

Discussion

This study describes one new species, Melanogaster sinensis, based on ITS-based phylogenetic analyses and 
morphological observations. Phylogenetic analysis of the ITS dataset (Fig. 1) showed that Melanogaster sinensis was 
assigned within Melanogaster and formed a monophyletic lineage.

Morphologically, the new species resembles six morphologically similar species within the genus Melanogaster, 
namely M. anatolicus, M. luteus, M. minobovatus, M. panzhihuaensis, M. rivularis, and M. truncatisporus. However, 
Melanogaster sinensis can be distinguished from these related species by several diagnostic features. Notably, M. 
sinensis differs from the 4-spored M. truncatisporus by having 8-spored basidia (Yuan et al. 2024). Furthermore, the 
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new species differs from M. panzhihuaensis in having smaller basidiospores (4.8–6.2 × 3.0–3.8 μm vs. 8.7–12.4 × 
5.2–7.6 μm; Xu et al. 2022), and from M. anatolicus by possessing a single-layered peridium rather than a two-layered 
peridium (Crous et al. 2023). Table 2 presents a comprehensive morphological comparison between the new species 
and these taxa.

The discovery and description of Melanogaster sinensis contribute to a better understanding of the diversity 
of this genus in China. However, we acknowledge several limitations, including reliance on a single ITS locus for 
phylogenetic inference, the limited number of available specimens, and restricted geographic sampling. Future studies 
should incorporate more extensive field sampling across regions and use multi-locus molecular analyses to clarify 
phylogenetic relationships and species diversity within Melanogaster. Such integrative approaches may also facilitate 
the discovery of additional undescribed Melanogaster taxa in China.

TABLE 2. A morphological comparison among our new species and six similar species of Melanogaster. Newly introduced 
taxa are indicated in bold.
Species name Basidiomata Peridium Gleba Basidiospores Basidia References
Melanogaster 
anatolicus

hypogeous or 
semi-hypogeous, 
subglobose 
or irregularly 
tuberous, 35–100 
mm diam.

two-layered, 
150–360 μm 
thick

shiny gelatinous mostly oblong to 
broadly fusiform, 
sometimes ellipsoid 
or subcylindrical, 
smooth, thick-
walled, 6.7–11.5 × 
4.4–6.0 μm

narrowly 
clavate to 
clavate, with 
a long and 
sinuous stipe, 
2–4 spored, 
25.0–35.0 × 
5.9–8.0 μm

Crous et al. 
2023

Melanogaster 
luteus

hypogeous, 
subglobose 
to ellipsoidal, 
somewhat 
flattened, 0.7–1.2 
× 0.4–1.0 mm

two-layered, 
280–430 μm 
thick

gelatinous, early 
deliquescent when 
mature

asymmetric in 
profile view, 
somewhat inflated 
to club-shaped, 
cylindro-elliptical 
to cylindrical, 
thick-walled, 
5.3–6.8 × 2.4–3.0 
μm

clavate-
capitate when 
young, 2–8 
spored, 18–24 
× 5–6.5 µm

Moreau et al. 
2011

Melanogaster 
minobovatus

hypogeous, 
subglobose, 35 × 
45 mm

two-layered, 
320–500 μm 
thick

usually liquefying 
at over-maturity

obovoid, 5.1–6.9 × 
4.2–5.1 μm

not observed Xu et al. 
2022

Melanogaster 
panzhihuaensis

hypogeous, 
subglobose, 15 × 
17 mm

single-
layered, 
150–220 μm 
thick

firm, with 
sterile white 
veins scattered 
throughout

oval, apex blunt 
and narrow, 
8.7–12.4 × 5.2–7.6 
μm

not observed Xu et al. 
2022

Melanogaster 
rivularis

hypogeous to half-
emergent, globose 
to subglobose, 
6–25 × 4–10 mm

two-layered, 
90–135 μm 
thick

gelatinous-firm cylindro-elliptical 
to cylindrical, with 
an amygdaloid 
tendency in profile 
view, 5.1–6.2 × 
2.7–3.1 μm

shortly clavate, 
6–8 spored, 
18–26 × 
5.5–6.5 µm

Moreau et al. 
2011

Melanogaster 
sinensis

hypogeous or 
semi-hypogeous, 
subglobose to 
ellipsoidal

 single-
layered, 
34–112 μm 
thick

solid, gelatinous, fusiform, 4.8–6.2 × 
3.0–3.8 μm 

clavate-
capitate, 
8 spored, 
10.5–16.0 × 
6.0–9.0 µm

This study

Melanogaster 
truncatisporus

hypogeous or 
semi-hypogeous, 
subglobose to 
oval, occasionally 
irregular-
elongated, 15–30 × 
4–23 mm

two-layered, 
200–450 μm 
thick

solid, hard when 
dried

subglobose 
to globose or 
irregularly 
elongate-pyriform, 
3.5–9.5 × 3.0–7.0 
μm

4 spored Yuan et al. 
2024
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