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Abstract 

The family Boletaceae (Boletales) comprises ecologically and economically vital macrofungi 

with a global distribution in forest ecosystems. Although China is recognized as a biodiversity 

hotspot for Boletaceae due to its floristic and topographic complexity, its taxonomy remains 

incompletely understood with numerous new taxa awaiting discovery. Morphological examinations 

and multi-locus phylogenetic analysis (28S, TEF1, RPB1, and RPB2) were integrated using 

specimens collected from subtropical and tropical China. Studies have demonstrated that three novel 

genera (Boletellopsis, Chenrenyua, Sudongpoa) were established to accommodate four newly 

identified species (C. longispora, C. verrucosa, S. rubicarpos, S. rubripes) and one previously 

described taxon (B. elata). Twenty-two additional taxa were described, comprising fourteen new 

species in the genera Aureoboletus and Hemileccinum, viz. A. applanatus, A. atrotomentosus,  

A. canceriformis, A. exiguisquamatus, A. hainanensis, A. macrocarpus, A. magniporus,  

A. pallidorubellus, A. phaeosquamus, A. urceopileus, H. brunneoalbum, H. dilutibrunneum,  

H. lutosum, and H. verrucatum. Taxonomic clarifications resolved the A. solus complex into five 

species; confirmed the phylogenetic distinctness of A. pallidorubellus from A. rubellus; and 

synonymized A. pseudorussellii with A. wusangongii and H. squamipes with H. parvum. These 

findings significantly advance Boletaceae systematics, revealing substantial undocumented diversity 

in China and providing critical data for fungal conservation and sustainable resource utilization. Keys 

to accepted species of Aureoboletus and Hemileccinum in China were also provided. 
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The family Boletaceae Chevall. (Boletales, Agaricomycetes) is an ecologically and 

economically important macrofungal group, with a global distribution across diverse forest 

ecosystems (Henkel et al. 2016, Wu et al. 2016, 2023, Farid et al. 2021, Li & Yang 2021, Magnago 

et al. 2022, Ayala-Vásquez et al. 2023b, Mao et al. 2023, Xue et al. 2023, Tremble et al. 2024). Most 

boletes play pivotal roles in maintaining forest ecosystem stability and biodiversity conservation by 

forming ectomycorrhizae with dominant woody plants, including Fagaceae, Pinaceae, Myrtaceae, 

and Dipterocarpaceae (Husbands et al. 2013, Wu et al. 2014, 2016, 2022b, Tedersoo et al. 2020, 

Ayala-Vásquez et al. 2023b, Wang et al. 2023, Qin et al. 2024a). Furthermore, numerous Boletaceae 

species have long been valued in human societies as sources of food and medicine (Feng et al. 2012, 

Wu et al. 2014, Dimitrijeviĺ et al. 2017, Wu et al. 2019, Ayala-Vásquez et al. 2023b, Xue et al. 2023, 

2024). Given these multifaceted values, taxonomic research on Boletaceae is essential for effective 

conservation planning and sustainable resource management (Sandall et al. 2023, Zhou & May 2023, 

Liu et al. 2024). 

Recent advances in molecular phylogenetics combined with morphological assessments have 

provided robust approaches for resolving taxonomic complexities within the diverse family 

Boletaceae (Binder & Hibbett 2006, Nuhn et al. 2013, Zeng et al. 2013, Wu et al. 2014, Wu et al. 

2023, Xue et al. 2023, Tremble et al. 2024, Qin et al. 2024a). Notably, phylogenomic analyses 

utilizing whole-genome sequencing data have facilitated taxonomic revision of Boletaceae, dividing 

it into the following subfamilies: Boletoideae Singer, Xerocomoideae Singer, Austroboletoideae G. 

Wu & Zhu L. Yang, Chalciporoideae G. Wu & Zhu L. Yang, Leccinoideae G. Wu & Zhu L. Yang, 

Zangioideae G. Wu et al., Phylloboletelloideae Dentinger et al., and Suillelloideae Dentinger et al. 

(Tremble et al. 2024). Globally, nearly 100 genera and 1200 species have been documented in 

Boletaceae, demonstrating remarkable species diversity (Zeng et al. 2013, Wu et al. 2023, Xue et al. 

2023, Qin et al. 2024a). 

China has witnessed a surge in Boletaceae research, with molecular phylogenetic evidence 

confirming approximately 57 genera and 400 species within its borders (Shi & Liu 2013, Zeng  

et al. 2013, 2016, Wu et al. 2014, 2015, 2016, Zhao et al. 2014b, Wu et al. 2021, Zhu et al. 2015, Li 

& Yang 2021, Zhang et al. 2022, Mao et al. 2023, Xue et al. 2023, 2024, Zhou et al. 2023, Qin  

et al. 2024a, Wang et al. 2024, Wang et al. 2025). It is now unequivocal that China constitutes a 

global biodiversity hotspot for Boletaceae. This biodiversity prominence arises from China's floristic 

richness, complex topographic configurations, and climatic variability (Zang et al. 2001, Yang et al. 

2005, Sun et al. 2017, Mao et al. 2023, Wu et al. 2023, Xue et al. 2024). The synergistic interactions 

of these environmental factors enhance both the species diversity and endemism of Boletaceae fungi, 

particularly evident in subtropical and tropical regions (Chai et al. 2019, Wang  

et al. 2020, Xu et al. 2021, Deng et al. 2023, Wu et al. 2023, Xue et al. 2023, 2024, Zhou et al. 2023, 

Qin et al. 2024a, b). 

Nevertheless, the taxonomic understanding of Boletaceae, particularly in the species-rich 

subtropical and tropical forests of China, remains incomplete. Ongoing discoveries of undocumented 

species and persistent ambiguities in phylogenetic relationships continue to impede the establishment 

of a robust and coherent classification system. To address this critical gap, we conducted an extensive 

study integrating field collections with morphological observations and multi-locus phylogenetic 

analyses, based on the 28S, TEF1, RPB1, and RPB2 gene regions. The objectives of this study were 

threefold: (1) to propose three new genera accommodating four new species and one new 

combination; (2) to describe or redescribe a total of twenty-two taxa, including 14 new species; and 

(3) to provide a clarified taxonomic foundation that will support the further development of a 

systematic framework for Boletaceae. 

 

MATERIALS AND METHODS  

 

Morphological studies 

Research materials in this study were collected from tropical and subtropical China. Fresh 

specimens underwent 12 hours dehydration in a constant-temperature drying oven at 50ï60 °C before 
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permanent deposition at the Hainan Biodiversity Science and Technology Museum (FHMU, China). 

Macroscopic characteristics were documented from freshly collected basidiomata, and color codes 

followed Kornerup & Wanscher (1981). Observations and color descriptions of the microstructure 

were performed in 5% KOH using an Olympus CX23 light microscope; 1% Congo Red stain was 

supplemented when required (Zeng et al. 2015, Zhang et al. 2022). All microstructures were drawn 

freehand. Pileipellis sections were excised from the medial zone (center-margin interface) of the 

pileus, while stipitipellis sections were sampled from the axial midsection of the stipe. A Zeiss Sigma 

300 scanning electron microscope (SEM) was utilized for imaging the basidiospores. In the 

morphological descriptions "n" stands for the total number of basidiospores measured from ñmò 

basidiomata of ñpò collections, the number of measured basidiospores is expressed as n/m/p. Size 

ranges are expressed as (aï) bïeïc (ïd), with ñaò and ñdò representing extremes, ñeò the arithmetic 

mean, and "bïc" encompassing 90% of measurements (5thï95th percentiles). The Q value represents 

the length-to-width ratio of basidiospores, with Qm indicating mean Q with standard deviation. 

Statistical processing was executed using SPSS Statistics v17.0 (Xie et al. 2022). 

 

Molecular procedures 

Genomic DNA was isolated from dried collections using the Magnetic Beads Genomic DNA 

Extraction Kit (Magen, Guangzhou, China) in line with the manufacturer's guidelines. Amplification 

of the following gene regions was performed with the specified primer pairs: the nuclear ribosomal 

large subunit (28S) with LR0R/LR5 (Vilgalys & Hester 1990, James et al. 2006), the translation 

elongation factor 1-Ŭ (TEF1) with EF1-2F/EF1-2R (Zeng et al. 2013), the RNA polymerase II largest 

subunit (RPB1) with RPB1-B-F/RPB1-B-R (Wu et al. 2014), and the RNA polymerase II second 

largest subunit (RPB2) with bRPB2-6F/bRPB2-7.1R (Matheny 2005). 

The PCR procedures adhered to the protocol of Zhang et al. (2022). Amplicons were separated 

by 1% (w/v) agarose gel electrophoresis. Products yielding a single sharp band were purified and 

subjected to direct sequencing on an ABI 3730xl DNA Analyzer (BGI, Guangzhou, China) using the 

original PCR primers. Assembly of all newly generated sequences was conducted in BioEdit v7.0.9 

(Hall 1999), with subsequent deposition in GenBank (accession numbers provided in Table 1). 

 

Table 1 List of species, voucher specimens, collection localities, and GenBank ID for the novel 

sequences in this work. 

 

Species Voucher specimen Locality 
GenBank ID 

28S TEF1 RPB1 RPB2 

Aureoboletus applanatus 
N.K. Zeng7601 

(FHMU9189) *  
China PQ962519 PQ963929 ð ð 

A. atrotomentosus 
N.K. Zeng1807 

(FHMU1145) *  
China PV469788 ð ð PV470485 

A. canceriformis 
N.K. Zeng7904 

(FHMU9190) *  
China PQ962520 PQ963872 ð PV014760 

A. canceriformis 
N.K. Zeng7904-1 

(FHMU9191) 
China PQ962521 PQ963873 ð PV014761 

A. conicus 
N.K. Zeng7962 

(FHMU9192) 
China PQ962522 PQ963874 ð PV014762 

A. conicus 
N.K. Zeng7964 

(FHMU9193) 
China PQ962523 PQ963875 ð PV014763 

A. conicus 
N.K. Zeng7975 

(FHMU9194) 
China PQ962524 PQ963876 ð PV014764 

A. conicus N.K. Zeng7980 

(FHMU9195) 
China PQ962525 PQ963877 ð PV014765 

A. conicus N.K. Zeng7982 

(FHMU9196) 
China PQ962526 PQ963878 ð PV014766 

A. conicus N.K. Zeng8012 

(FHMU9197) 
China PQ962527 PQ963879 ð PV014767 
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Table 1 Continued 

 

Species Voucher specimen Locality 
GenBank ID 

28S TEF1 RPB1 RPB2 

A. duplicatoporus N.K. Zeng7809 

(FHMU9199) 
China PQ962529 PQ963881 ð ð 

A. duplicatoporus N.K. Zeng8180 

(FHMU9200) 
China PQ962530 ð ð ð 

A. exiguisquamatus N.K. Zeng7910 

(FHMU9198) *  
China PQ962528 PQ963880 ð PV014768 

A. formosus 
N.K. Zeng7669 

(FHMU9201) 
China PQ962531 PQ963882 ð PV014769 

A. formosus 
N.K. Zeng7691 

(FHMU9202) 
China PQ962532 PQ963883 ð PV014770 

A. formosus 
N.K. Zeng7706 

(FHMU9203) 
China PQ962533 PQ963884 ð PV014771 

A. glutinosus gui0008 (FHMU9204) China PQ962534 PQ963885 ð PV014772 

A. hainanensis 
N.K. Zeng4954 

(FHMU5542) *  
China PV469787 PV470484 ð ð 

A. longicollis 
N.K. Zeng7788 

(FHMU9205) 
China PQ962535 PQ963886 ð PV014773 

A. longicollis 
N.K. Zeng7969 

(FHMU9206) 
China PQ962536 PQ963887 ð PV014774 

A. macrocarpus 
N.K. Zeng7893 

(FHMU9207) 
China PQ962537 PQ963888 ð PV014775 

A. macrocarpus N.K. Zeng7894 

(FHMU9208) 
China PQ962538 PQ963889 ð PV014776 

A. macrocarpus N.K. Zeng7895 

(FHMU9209) 
China PQ962539 PQ963890 ð PV014777 

A. macrocarpus N.K. Zeng7896 

(FHMU9210) 
China PQ962540 PQ963891 ð PV014778 

A. macrocarpus N.K. Zeng7989 

(FHMU9211) *  
China PQ962541 PQ963892 ð PV014779 

A. macrocarpus N.K. Zeng8002 

(FHMU9212) 
China PQ962542 PQ963893 ð PV014780 

A. macrocarpus 
N.K. Zeng8014 

(FHMU9213) 
China PQ962543 PQ963894 ð PV014781 

A. magniporus 
N.K. Zeng8212 

(FHMU9214) *  
China PQ962544 PQ963895 ð PV014782 

A. magniporus 
N.K. Zeng8214 

(FHMU9215) 
China PQ962545 PQ963896 ð PV014783 

A. miniatoaurantiacus 
N.K. Zeng7838 

(FHMU9216) 
China PQ962546 PQ963897 ð PV014784 

A. miniatoaurantiacus 
N.K. Zeng8193 

(FHMU9217) 
China PQ962547 ð ð ð 

A. nanlingensis 
N.K. Zeng8293 

(FHMU9218) 
China PQ962548 PQ963898 ð ð 

A. ornatipes 
N.K. Zeng7860 

(FHMU9219) 
China PQ962549 PQ963899 ð ð 

A. ornatipes N.K. Zeng7860-1 

(FHMU9220) 
China PQ962550 PQ963900 ð ð 

A. ornatipes N.K. Zeng7913 

(FHMU9221) 
China PQ962551 PQ963901 ð PV014785 

A. pallidorubellus 
N.K. Zeng7869 

(FHMU9222) *  
China PQ962552 PQ963902 ð PV014786 

A. phaeosquamus 
N.K. Zeng7915 

(FHMU9227) 
China PQ962557 PQ963907 ð PV014791 

A. phaeosquamus 
N.K. Zeng7920 

(FHMU9228) *  
China PQ962558 PQ963908 ð PV014792 
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Table 1 Continued 

 

Species Voucher specimen Locality 
GenBank ID 

28S TEF1 RPB1 RPB2 

A. raphanaceus 
N.K. Zeng7806 

(FHMU9229) 
China PQ962559 PQ963909 ð PV014793 

A. raphanaceus 
N.K. Zeng7924 

(FHMU9230) 
China PQ962560 PQ963910 ð PV014794 

A. raphanaceus 
N.K. Zeng7944 

(FHMU9231) 
China PQ962561 PQ963911 ð ð 

A. raphanaceus N.K. Zeng7949 

(FHMU9232) 
China PQ962562 PQ963912 ð PV014795 

A. raphanaceus N.K. Zeng8123 

(FHMU9233) 
China PQ962563 ð ð ð 

A. raphanaceus N.K. Zeng8145 

(FHMU9234) 
China PQ962564 ð ð ð 

A. raphanaceus N.K. Zeng8171 

(FHMU9235) 
China PQ962565 ð ð ð 

A. raphanaceus N.K. Zeng8201 

(FHMU9236) 
China PQ962566 ð ð ð 

A. raphanaceus N.K. Zeng8220 

(FHMU9237) 
China PQ962567 ð ð ð 

A. raphanaceus N.K. Zeng8291 

(FHMU9238) 
China PQ962568 ð ð ð 

A. sinobadius 
N.K. Zeng7783 

(FHMU9239) 
China PQ962569 PQ963913 ð ð 

A. sinobadius N.K. Zeng7796 

(FHMU9240) 
China PQ962570 PQ963914 ð PV014796 

A. sinobadius N.K. Zeng7825 

(FHMU9241) 
China PQ962571 PQ963915 ð ð 

A. sinobadius N.K. Zeng7985 

(FHMU9242) 
China PQ962572 PQ963916 ð PV014797 

A. sinobadius N.K. Zeng7987 

(FHMU9243) 
China PQ962573 PQ963917 ð PV014798 

A. sinobadius N.K. Zeng8001 

(FHMU9244) 
China PQ962574 PQ963918 ð ð 

A. sinobadius N.K. Zeng8017 

(FHMU9245) 
China PQ962575 ð ð ð 

A. sinobadius N.K. Zeng8034 

(FHMU9246) 
China PQ962576 PQ963919 ð PV014799 

A. sinocyanescens 
N.K. Zeng7801 

(FHMU9223) 
China PQ962553 PQ963903 ð PV014787 

A. sinocyanescens N.K. Zeng7835 

(FHMU9224) 
China PQ962554 PQ963904 ð PV014788 

A. sinocyanescens N.K. Zeng7919 

(FHMU9225) 
China PQ962555 PQ963905 ð PV014789 

A. sinocyanescens N.K. Zeng8208 

(FHMU9226) 
China PQ962556 PQ963906 ð PV014790 

A. tenuis 
N.K. Zeng7663 

(FHMU9247) 
China PQ962577 ð ð ð 

A. tenuis N.K. Zeng7798 

(FHMU9248) 
China PQ962578 PQ963920 ð PV014800 

A. tenuis N.K. Zeng7879 

(FHMU9249) 
China PQ962579 PQ963921 ð PV014801 

A. tenuis N.K. Zeng7882 

(FHMU9250) 
China PQ962580 PQ963922 ð PV014802 

A. tenuis N.K. Zeng8030 

(FHMU9251) 
China PQ962581 PQ963923 ð PV014803 
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Table 1 Continued 

 

Species Voucher specimen Locality 
GenBank ID 

28S TEF1 RPB1 RPB2 

A. urceopileus N.K. Zeng7961 

(FHMU9252) *  
China PQ962582 PQ963924 ð PV014804 

A. urceopileus N.K. Zeng7961-1 

(FHMU9253) 
China PQ962583 PQ963925 ð PV014805 

A. velutipes N.K. Zeng8182 

(FHMU9254) 
China PQ962584 PQ963926 ð PV014806 

A. yunnanensis gui0001 (FHMU9255) China PQ962585 PQ963927 ð PV014807 

A. yunnanensis 
N.K. Zeng7939 

(FHMU9256) 
China PQ962586 PQ963928 ð PV014808 

Boletellopsis elata Huligui1 (FHMU10550) China PV938578 PV945441 PV955745 PV945456 

B. elata Huligui2 (FHMU10551) China PV938579 PV945442 PV955746 PV945457 

B. elata Huligui3 (FHMU10552) China PV938580 PV945443 PV955747 PV945458 

Chenrenyua longispora Huligui0029 

(FHMU8446) *  

China 
PV938583 PV945447 PV955755 ð 

C. longispora Zeng10314 

(FHMU7986) 

China 
PV938584 PV945448 PV955756 ð 

C. verrucosa N.K. Zeng10144 

(FHMU8452) *  

China 
PV938581 PV945444 PV955748 PV945459 

C. verrucosa N.K. Zeng10144-1 

(FHMU10545) 

China 
ð ð PV955749 PV945460 

C. verrucosa N.K. Zeng10144-2 

(FHMU10546) 

China 
ð PV945445 PV955750 PV945461 

C. verrucosa N.K. Zeng10144-3 

(FHMU10547) 

China 
PV938582 PV945446 PV955751 PV945462 

Hemileccinum albidum N.K. Zeng10341 

(FHMU7995) 

China ð ð ð PX123130 

H. brevisporum N.K. Zeng10350 

(FHMU8601) 

China PX057185 PX123115 PX123106 PX123131 

H. brevisporum N.K. Zeng10353 

(FHMU8395) 

China PX057186 PX123116 PX123107 PX123132 

H. brunneoalbum JT-48 (FHMU8319) *  China PX057187 PX123117 PX123108 PX123133 

H. brunneoalbum JT-48-3 (FHMU10540) China ð PX123118 ð PX123134 

H. dilutibrunneum JT-43 (FHMU8853) *  China PX057190 PX123120 PX123111 PX123137 

H. dilutibrunneum JT-43-1 (FHMU10541) China PX057191 PX123121 ð PX123138 

H. dilutibrunneum JT-43-2 (FHMU10542) China PX057192 PX123122 PX123112 PX123139 

H. dilutibrunneum JT-43-3 (FHMU10543) China PX057193 PX123123 PX123113 PX123140 

H. ferrugineipes Huligui0053-1 

(FHMU9184) 

China PX057188 PX123119 PX123109 PX123135 

H. ferrugineipes Huligui0053-2 

(FHMU10544) 

China PX057189 ð PX123110 PX123136 

H. lutosum N.K. Zeng7620 

(FHMU8142) *  

China PX057194 PX123124 ð PX123141 

H. lutosum N.K. Zeng7620-1 

(FHMU11636) 
China 

ð PX123125 ð ð 

H. parvum N.K. Zeng7984 

(FHMU7728) 

China PX057196 PX123128 ð ð 

H. parvum N.K. Zeng8003 

(FHMU7727) 

China PX057197 PX123129 ð ð 

H. verrucatum N.K. Zeng7731 

(FHMU10025) *  

China PX057195 PX123126 PX123114 PX123142 

H. verrucatum N.K. Zeng7731-1 

(FHMU11637) 

China ð PX123127 ð PX123143 

Sudongpoa rubicarpos 
N.K. Zeng10297 

(FHMU9171) *  
China PV938585 PV945449 PV955752 PV945463 
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Table 1 Continued 

 

Species Voucher specimen Locality 
GenBank ID 

28S TEF1 RPB1 RPB2 

S. rubicarpos 
N.K. Zeng10297-1 

(FHMU10548) 
China PV938586 PV945450 PV955753 PV945464 

S. rubicarpos 
N.K. Zeng10297-3 

(FHMU10549) 
China PV938587 PV945451 PV955754 PV945465 

S. rubripes 
N.K. Zeng7834 

(FHMU9661) 
China PV938589 PV945453 ð PV945466 

S. rubripes 
N.K. Zeng10181 

(FHMU8529) 
China PV938590 PV945454 ð PV945467 

S. rubripes 
N.K. Zeng10185 

(FHMU8771) *  
China PV938588 PV945452 ð ð 

Holotype specimens are denoted by asterisks (*). 

 

Dataset assembly 

For this study, we constructed three separate multilocus phylogenetic datasets. The Boletaceae 

dataset included 51 new sequences (28S: 13, TEF1: 14, RPB1: 12, RPB2: 12) from 15 specimens 

representing three new genera, combined with reference sequences from literature and GenBank 

(Supplementary Table 1). Following Qin et al. (2024a), Phlebopus portentosus (Berk. & Broome) 

Boedijn and Boletinellus merulioides (Schwein). Murrill were designated as the outgroup. The 

Aureoboletus dataset comprised 179 new sequences (28S: 70, TEF1: 59, RPB2: 50) from 70 

specimens, alongside published sequences (Supplementary Table 1), with Phylloporus imbricatus 

N.K. Zeng et al., Xerocomus aff. subtomentosus (L.) Quél., and Xerocomus sp. (N.K. Zeng3180) as 

outgroups according to Xue et al. (2023) and Qin et al. (2024b). The Hemileccinum dataset contained 

51 new sequences (28S: 13, TEF1: 15, RPB1: 9, RPB2: 14) from 17 specimens and published 

sequences (Supplementary Table 1), using Aureoboletus erythraeus N.K. Zeng et al. as the outgroup 

following Wang et al. (2020) and Zhao et al. (2025). All new sequence data are summarized in Table 

1. 

To evaluate phylogenetic incongruence in the combined dataset, phylogenetic trees were 

analyzed using the maximum likelihood method to identify any conflicting topologies among the 

employed genes. The results indicated no conflict among the different gene fragments. Subsequent 

sequence alignment of all datasets was performed using MUSCLE v3.6 (Edgar 2004), and manually 

adjusted in BioEdit v7.0.9 (Hall 1999) where required. Concatenation of gene fragments for further 

analyses was conducted using SequenceMatrix v1.7.8 (Xue et al. 2024). 

 

Phylogenetic analysis 

In the phylogenetic analyses using multi-gene datasets, both maximum likelihood (ML) and 

Bayesian inference (BI) approaches were employed. RAxML v7.2.6 was used to perform ML tree 

generation and bootstrap analyses, incorporating 1000 bootstrap replicates combined with ML search 

procedures (Stamatakis 2006). BI was executed using MrBayes v3.2.7 via the CIPRES Science 

Gateway Portal (Huelsenbeck & Ronquist 2005, Miller 2010), with parameters and best-fit 

substitutional models determined a priori through MrModeltest v2.3 (Nylander 2004). The 

Boletaceae combined dataset exhibited GTR + I + G, GTR + I + G, HKY + I + G, and SYM + I + G 

as the best-fit likelihood models for the 28S, TEF1, RPB1, and RPB2 genes, respectively; the 

Aureoboletus combined dataset exhibited GTR + I + G, HKY + I + G, and SYM + I + G as the best-

fit likelihood models for the 28S, TEF1, and RPB2 genes, respectively; the Hemileccinum combined 

dataset exhibited GTR + I + G, SYM + G, HKY + G, and K80 + I as the best-fit likelihood models 

for the 28S, TEF1, RPB1, and RPB2 genes, respectively. BI analyses were performed on the three 

combined nuclear datasets for 45, 30, and 30 million generations, respectively, with a sampling 

frequency of every 100 generations. The initial 25% of sampled trees were discarded as burn-in, and 

a majority-rule consensus tree was constructed from the remaining trees to calculate Bayesian 
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posterior probabilities (PP). A given run was halted only when the average standard deviation of split 

frequencies dropped below the threshold of 0.01. 

 

RESULTS 

 

Molecular data 

Phylogenetic analyses were conducted on three concatenated datasets, with the alignments 

deposited in TreeBASE under submission numbers S32353 (Boletaceae), S32247 (Aureoboletus), 

and S32274 (Hemileccinum). The Boletaceae dataset (28S + TEF1 + RPB1 + RPB2), comprising 190 

sequences and 3232 nucleotide sites, revealed that our new collections formed three distinct generic-

level clades. The Aureoboletus dataset (28S + TEF1 + RPB2), with 247 sequences and 2174 sites, 

resolved the studied specimens into 16 species-level lineages. The Hemileccinum dataset (28S + 

TEF1 + RPB1 + RPB2), containing 71 sequences and 2497 sites, identified six species-level lineages. 

The tree topologies inferred from maximum likelihood (ML) and Bayesian inference (BI) were 

highly similar across all datasets, with only minor differences in statistical support (BS/PP) observed 

for some branches. The resulting phylograms, showing RAxML branch lengths and support values, 

are presented in Figs 1Έ3. 

 

 
 

Figure 1 ï RAxML phylogram of Boletaceae based on 28S, TEF1, RPB1, and RPB2. Branch 

supports (BS Ó 70%, PP Ó 0.95) are shown. New sequences in color; SE represent southeastern, and 

SW represent southwestern. 
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Figure 1 ï Continued. 

 

Taxonomy 

Aureoboletus Pouzar, Ļesk§ Mykol. 11: 48, 1957. 

MycoBank: MB 17129; Facesoffungi: FoF 19063 

 

Aureoboletus applanatus N.K. Zeng, H.Z. Qin & Zhi Q. Liang, sp. nov. Figs 4aïb, 7 

MycoBank: MB 860289; Facesoffungi: FoF 19067 

Etymology ï Latin ñapplanatusò signifies the applanate pileus. 

Diagnosis ï This species can be diagnosed by a relatively small basidiocarp, a yellowish-

brown, applanate and slightly sticky pileus, and a cutis-type pileipellis, which distinguish it from the 

closest Aureoboletus species. 

Basidiomata ranging from very small to small in size. Pileus 2.1ï3.7 cm across, initially convex 

to plano-convex, expanding to applanate with age; surface yellowish-brown (5A4ï6), tomentose, 

slightly sticky when wet; margin decurved, entire; context at center 0.2ï0.3 cm thick, pale yellowish-

brown (4A4), no color change upon injury. Hymenophore poroid, adnate; pores angular to 

subcircular, pale yellow (1A4ï5), no color change upon injury; tubes 0.2ï0.3 cm deep, pale yellow 

(1A5), no color change upon injury. Stipe 2.4ï2.8 × 0.4ï0.8 cm, mid-positioned, subcylindric, 

consolidated, becoming hollow when old; surface whitish (3A1) tinged with pale brown (3B5ï6), 

smooth, slightly sticky when wet; context white (2A1), no color change upon injury. Basal mycelium 

whitish (1A1). Odor unremarkable. 

Basidiospores [60/3/2] 9ï9.89ï11 × 4ï4.9ï5 (ï5.5) ɛm, Q = 1.8ï2.2 (ï2.25), Qm = 2.02 ± 0.11, 

smooth, elongate to cylindric, wall thickness 0.5ï0.8 ɛm, yellowish-brown. Basidia 26ï37 × 9ï13 

ɛm, 4-spored, subclavate to clavate, wall thickness approximately 0.5 µm, yellowish to achromatic; 

sterigmata 2ï5 ɛm. Cheilocystidia 35ï72 × 10ï16 ɛm, subfusiform, numerous, wall thickness 

approximately 0.5 µm, achromatic, without incrustations. Pleurocystidia 40ï70 × 13ï17 ɛm, 

subfusiform, numerous, wall thickness approximately 0.5 µm, achromatic, without incrustations. 

Hymenophoral trama consists of hyphae 4ï16 ɛm wide, wall thickness approximately 1 µm, 
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achromatic. Pileipellis a cutis-type, 200ï350 ɛm thick, consists of hyphae 3ï16 ɛm wide, wall 

thickness 0.5ï1 ɛm, yellowish to achromatic, with cylindric apical cells 37ï67 × 6ï11 ɛm. Pileal 

trama consists of wall thickness 0.5ï1 ɛm, 3ï20 ɛm wide hyphae, achromatic. Stipitipellis 175ï480 

ɛm thick, consists of hyphae 3ï12 ɛm wide, wall thickness 0.5ï0.8 ɛm, achromatic, with subcylindric 

to cylindric apical cells 33ï72 × 3ï8 ɛm. Stipe trama consists of hyphae 4ï18 ɛm wide, wall 

thickness 0.5ï1 ɛm, yellow. Clamp connections not observed in any tissue. 

Known distribution ï Hainan Province of China. 

Materials examined ï China, Hainan Province, Ledong Li Autonomous County, Jianfengling of 

Hainan Tropical Rainforest National Park, 850 m elev., on soil in Fagaceae-dominated forests, 

solitary, 5 July 2012, N.K. Zeng1064 (FHMU715); Qiongzhong Li and Miao Autonomous County, 

Limushan of Hainan Tropical Rainforest National Park, 650 m elev., on soil in Fagaceae-dominated 

forests, scattered, 14 July 2023, N.K. Zeng7601 (FHMU9189, holotype).  

Notes ï Aureoboletus applanatus shares morphological similarities with Chinese  

A. duplicatoporus (M. Zang) G. Wu & Zhu L. Yang, A. guangdongensis N.K. Zeng et al., and  

A. nanlingensis Ming Zhang et al. However, A. duplicatoporus, with type locality in Yunnan, has a 

glabrous, reddish-brown and larger pileus, a sunflower yellow hymenophore, a longer and reddish-

orange stipe, subfusiform and longer basidiospores 8ï14 × 4ï6 ɛm, pleuro- and cheilocystidia coated 

with a thin layer (< 1 ɛm) of material, and an ixotrichoderm-type pileipellis (Zang 1992, Wu etal. 

2016); A. guangdongensis, with type locality in Guangdong, has a reddish-violet to reddish-brown 

pileus, a longer and pastel reddish-violet stipe, and smaller pleuro- and cheilocystidia (Zhang et al. 

2022); A. nanlingensis, with type locality in Guangdong, has a grayish-yellow to brownish-orange 

pileus, a longer and pale yellow stipe, and ellipsoidal to broadly ellipsoidal and relatively smaller 

basidiospores 7ï8.5 × 4.5ï5 ɛm (Liu et al. 2024). 

In China, A. applanatus was incorrectly identified as A. solus Ming Zhang & T.H. Li, a species 

with type locality in Guangdong of China (Xue et al. 2023); however, the latter species possesses a 

brownish-yellow to brownish-red pileus, a pale orange to pale red stipe, and a trichoderm-type 

pileipellis (Zhang et al. 2019). Phylogenetically, A. applanatus exhibits close affinity with A. 

canceriformis, A. exiguisquamatus, A. magniporus, and A. solus (Fig. 2). However,  

A. canceriformis has a greyish-yellow stipe and relatively larger basidiospores 9ï12.5 × 4ï6 ɛm (see 

below); A. exiguisquamatus has a stipe adorned with small and pale brown squamules when mature 

and a pileipellis ranging from an intricate trichoderm to a subcutis (see below);  

A. magniporus has a pale reddish-brown to reddish-brown pileus and relatively larger and sparser 

pores (see below); the morphological differences between A. solus and A. applanatus have been 

discussed above. 

 

Aureoboletus atrotomentosus N.K. Zeng, H.Z. Qin & Zhi Q. Liang, sp. nov. Figs 4cïd, 8 

MycoBank: MB 860290; Facesoffungi: FoF 19068 

Etymology ï Latin ñatrotomentosusò signifies the black and floccose to tomentose squamules 

covering the pileus. 

Diagnosis ï This species can be diagnosed by a pinkish-purple pileus, surface densely adorned 

with black and floccose to tomentose squamules, a hymenophore turning pale reddish-brown upon 

injury, cystidia coated with a layer of achromatic material, and a cutis-type pileipellis, which 

distinguish it from the closest Aureoboletus species. 

Basidiomata small in size. Pileus 3ï4.6 cm across, plano-convex to applanate; surface pinkish-

purple (11B2ï3) to flesh pink (10A2ï3), pale green (26B4) in the center, and densely adorned with 

black (14F1), violet-black (15F1ï2) to pale pink (13A2ïB2), and floccose to tomentose squamules, 

dry; margin decurved when young, becoming uplift in age, entire; context at center 0.8ï1 cm thick, 

white (1A1) to yellowish-white (3A2), no color change upon injury. Hymenophore poroid, adnate; 

pores angular, light yellow (1A7) to pale yellowish-green (30A3ï5), changing pale reddish-brown 

(7C2ï3) upon injury; tubes 0.2ï0.3 cm deep, pale yellow (1A6ï7), changing pale reddish-brown 

(7C2ï3) upon injury. Stipe 3ï3.5 × 0.4ï1 cm, mid-positioned, subcylindric, consolidated; surface 

pale bluish-green (25B5ï6), pale yellow (2B6) near the pileus, adorned with violet-black (15F2), 
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scattered and floccose squamules, dry; context white (1A1), no color change upon injury. Basal 

mycelium whitish (1A1). Odor unremarkable. 

 

 
 

Figure 2 ï RAxML phylogram of Aureoboletus based on 28S, TEF1 and RPB2. Branch supports 

(BS Ó 70%, PP Ó 0.95) are shown. New sequences in color; SE represent southeastern, SW represent 

southwestern. 
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Figure 2 ï Continued. 

 

Basidiospores [40/2/2] 7.5ï8.04ï9 (ï10) × 4.5ï5.2ï6 (ï6.5) ɛm, Q = (1.33ï) 1.42ï1.7, Qm = 

1.55 ± 0.09, smooth, ellipsoid to elongate, wall thickness 0.5ï1 ɛm, yellowish-brown. Basidia 27ï

38 × 9ï15 ɛm, 4-spored, subclavate, wall thickness approximately 0.5 µm, yellowish to yellow, with 

inflated apex; sterigmata 4ï7 ɛm. Cheilocystidia 28ï53 × 8ï13 ɛm, subfusiform, not numerous, wall 

thickness approximately 0.5 µm, yellowish, surface coated with a layer (1ï4 ɛm thick) of achromatic 

material. Pleurocystidia 39ï71 × 8ï15 ɛm, subfusiform, not numerous, wall thickness approximately 

0.5 µm, yellowish to yellow, surface coated with a layer (1ï6 ɛm thick) of achromatic material. 

Hymenophoral trama consists of hyphae 2ï18 ɛm wide, wall thickness 0.5ï0.8 ɛm, achromatic. 

Pileipellis a cutis-type, 150ï280 ɛm thick, consists of hyphae 4ï12 ɛm wide, wall thickness 

approximately 0.5 µm, occasionally bifurcate, achromatic, with cylindric to subcylindric apical cells 

37ï90 × 4ï8 ɛm. Pileal trama consists of hyphae 4ï18 ɛm wide, wall thickness 0.5ï1 ɛm, 

achromatic. Stipitipellis 130ï320 ɛm thick, consists of hyphae 3ï11 ɛm wide, wall thickness 

approximately 0.5 µm, pale yellow, with subcylindric apical cells 28ï75 × 4ï9 ɛm. Stipe trama 

consists of hyphae 4ï15 ɛm wide, wall thickness approximately 1 µm, achromatic. Clamp 

connections not observed in any tissue. 

Known distribution ï Hainan Province of China. 
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Materials examined ï China, Hainan Province, Changjiang Li Autonomous County, 

Bawangling of Hainan Tropical Rainforest National Park, 650 m elev., on soil in Fagaceae-dominated 

forests, solitary, 5 October 2014, N.K. Zeng1807 (FHMU1145, holotype); Baisha Li Autonomous 

County, Yinggeling of Hainan Tropical Rainforest National Park, 650 m elev., on soil in Fagaceae-

dominated forests, solitary, 13 August 2020, N.K. Zeng4666 (FHMU4919). 

Notes ï Morphologically, A. atrotomentosus exhibits similarities with A. ayuukii Ayala-

Vásquez et al. and A. miniatoaurantiacus (C.S. Bi & Loh) Ming Zhang et al., both with densely 

tomentose squamules. However, A. ayuukii, with type locality in Mexico, has a brownish-orange to 

cinnamon brown, and furfuraceous pileus, a context changing brownish-orange upon injury, a 

hymenophore unchanging or changing cinnamon to ochraceous upon injury, a furfuraceous stipe, and 

cystidia without incrustations (Ayala-Vásquez et al. 2023a); Chinese A. miniatoaurantiacus has a 

larger and orange to reddish-orange pileus, a light orange to orange hymenophore no color change 

upon injury, a orange to reddish-orange stipe, with distinct longitudinal bands or broad reticulations, 

cystidia without incrustations, and a pileipellis ranging from trichoderm to ixotrichoderm (Wu et al. 

2016, Zhang et al. 2019). 

 

 
 

Figure 3 ï RAxML phylogram of Hemileccinum based on 28S, TEF1, RPB1, and RPB2. Branch 

supports (BS Ó 70%, PP Ó 0.95) are shown. New sequences in color; SE represent southeastern, SW 

represent southwestern. 

 

Phylogenetically, A. atrotomentosus exhibits close affinity with A. raphanaceus Ming Zhang 

& T.H. Li  (Fig. 2). However, A. raphanaceus, with type locality in Jiangxi of China, has a white to 

yellowish-white pileus, surface adorned with greenish-grey to yellowish-grey squamules, a 
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yellowish-white stipe with longitudinal bands and faintly pruinose or tomentose, cystidia without 

incrustations, and an ixotrichoderm-type pileipellis (Zhang et al. 2019). 

 

 
 

Figure 4 ï Fresh basidiomata of Aureoboletus species. aïb A. applanatus (FHMU9189, holotype). 

cïd A. atrotomentosus (FHMU1145, holotype). e A. canceriformis (FHMU9190, holotype).  

f A. exiguisquamatus (FHMU9198, holotype). gïi A. formosus (g from FHMU9202; hïi from 

FHMU9203). jïk A. glutinosus (FHMU9204). lïm A. hainanensis (FHMU5542, holotype). Scale 

bars represent 1 cm. 
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Figure 5 ï Fresh basidiomata of Aureoboletus species. aïd A. macrocarpus (a from FHMU9207;  

b from FHMU9210; c from FHMU9211, holotype; d from FHMU9212). eïh A. magniporus  

(eïf from FHMU9215; gïh from FHMU9214, holotype). iïj A. nanlingensis (FHMU9218). kïl  

A. pallidorubellus (FHMU9222, holotype). Scale bars represent 1 cm. 

 

Aureoboletus canceriformis N.K. Zeng, H.Z. Qin, W.F. Lin & L.G. Hu, sp. nov. Figs 4e, 9 

MycoBank: MB 860291; Facesoffungi: FoF 19069 

Etymology ï Latin ñcanceriformisò signifies the similarity in color and shape between the 

pileus and a crab shell. 

Diagnosis ï This species can be diagnosed by a relatively small basidiocarp, a reddish-brown 

and subtomentose pileus, and a cutis-type pileipellis, which distinguish it from the closest 

Aureoboletus species.  

Basidiomata small in size. Pileus 3ï3.9 cm across, plano-convex to nearly plane with age; 

surface reddish-brown (7D7) to pale brown (6B5ï7), subtomentose, dry; margin slightly decurved to 

straight, entire; context 0.2ï0.4 cm at center, yellowish-white (5A3), no color change upon injury. 

Hymenophore poroid, decurrent; pores angular to subcircular, yellowish-white (30A3ï4) to pale 

yellow (1A4), no color change upon injury; tubes 0.2ï0.4 cm deep, pale yellow (1A5), no color 

change upon injury. Stipe 4.5ï6.5 × 0.5ï0.6 cm, cylindric, mid-positioned, consolidated; surface 
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greyish-yellow (2B4ï5) smooth, dry; context yellow (2A4), no color change upon injury. Basal 

mycelium whitish (1A1). Odor unremarkable. 

 

 
 

Figure 6 ï Fresh basidiomata of Aureoboletus species. aïc A. phaeosquamus (fïg from FHMU9227; 

h from FHMU9228, holotype). dïh A. sinocyanescens (dïe from FHMU9223; f from FHMU9224; g 

from FHMU9225; h from FHMU9226). iïj A. urceopileus (FHMU9252, holotype). kïl A. velutipes 

(FHMU9254). mïn A. yunnanensis (FHMU9255). Scale bars represent 1 cm. 
 

Basidiospores [60/3/2] (9ï) 9.5ï10.9ï12.5 × 4ï5.08ï5.5 (ï6) ɛm, Q = (1.8ï) 1.82ï2.44  

(ï2.75), Qm = 2.15 ± 0.18, smooth, wall thickness 0.5ï1 ɛm, elongate to cylindric, pale yellowish-
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brown. Basidia 21ï38 × 7ï10 ɛm, 4-spored, subclavate to cylindric, wall thickness approximately 

0.5 µm, yellowish; sterigmata 2ï9 ɛm. Cheilocystidia 53ï75 × 10ï15 ɛm, subfusiform, not 

numerous, wall thickness 0.5ï0.8 ɛm, yellowish to achromatic, without incrustations. Pleurocystidia 

51ï74 × 11ï16 ɛm, subfusiform, not numerous, wall thickness 0.5ï1 ɛm, pale yellow to yellow, 

without incrustations. Hymenophoral trama consists of hyphae 5ï11 ɛm wide, wall thickness 

approximately 0.5 µm, yellowish. Pileipellis a cutis-type, 120ï300 ɛm thick, consists of hyphae 4ï

13 ɛm wide, wall thickness 0.5ï1 ɛm, pale yellow to yellow, with subcylindric to cylindric apical 

cells 14ï75 × 7ï12 ɛm. Pileal trama consists of hyphae 5ï20 ɛm wide, wall thickness 0.5ï1 ɛm, 

yellowish to achromatic. Stipitipellis 60ï90 ɛm thick, consists of hyphae 3ï8 ɛm wide, wall thickness 

0.5ï0.8 ɛm, yellowish to achromatic, with subcylindric to subclavate apical cells 22ï57 × 5ï11 ɛm. 

Stipe trama consists of hyphae 4ï18 ɛm wide, wall thickness approximately 1 Õm, yellowish to 

achromatic. Clamp connections not observed in any tissue. 

 

 
 

Figure 7 ï Microscopic characters of Aureoboletus applanatus (FHMU9189, holotype).  

a Basidiospores. b Basidia and pleurocystidium. c Pleurocystidia. d Cheilocystidia. e Pileipellis.  

f Stipitipellis. Scale bars represent 10 ɛm. 
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Figure 8 ï Microscopic characters of Aureoboletus atrotomentosus (FHMU1145, holotype).  

a Basidiospores. b Basidia. c Pleurocystidia. d Cheilocystidia. e Pileipellis. f Stipitipellis. Scale bars 

represent 10 ɛm. 

 

Known distribution ï Zhejiang Province of China. 

Materials examined ï China, Zhejiang Province, Qingyuan County, Baishanzu, 1200 m elev., 

on soil in Pinaceae and Fagaceae mixed forests, solitary or scattered, 14 August 2023, N.K. Zeng7904 

(FHMU9190, holotype); same locality and date, N.K. Zeng7904-1 (FHMU9191). 

Notes ï Aureoboletus canceriformis shares morphological similarities with  

A. duplicatoporus, A. minimus Ming Zhang et al., and A. readii Ayala-Vásquez, et al. However,  

A. duplicatoporus, with type locality in Yunnan, has a larger, nearly glabrous and sticky pileus, a 

sunflower yellow to maize yellow hymenophore, a reddish-orange stipe, shorter pleuro- and 

cheilocystidia coated with a thin layer of material, and an ixotrichoderm-type pileipellis (Zang 1992, 

Wu et al. 2016); A. minimus, with type locality in Vietnam, has a grayish-red pileus, a pastel red stipe 

and relatively larger basidiospores 13ï16 × 5ï6 ɛm (Liu et al. 2024); A. readii, with type locality in 
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México, has a larger pileus, a golden yellow hymenophore, a pale red stipe, and an ixotrichoderm-

type pileipellis (Ayala-Vásquez et al. 2023a). 

 

 
 

Figure 9 ï Microscopic characters of Aureoboletus canceriformis (FHMU9190, holotype).  

a Basidiospores. b Basidia and pleurocystidium. c Pleurocystidia. d Cheilocystidia. e Pileipellis.  

f Stipitipellis. Scale bars represent 10 ɛm. 

 

Phylogenetically, A. canceriformis exhibits close affinity with A. applanatus,  

A. exiguisquamatus, A. magniporus, and A. solus (Fig. 2). The differences between A. applanatus 

and A. canceriformis have been discussed under A. applanatus; A. exiguisquamatus has a stipe 

adorned with small and pale brown squamules, relatively smaller basidiospores 8ï10 × 4ï5 ɛm, and 

a pileipellis ranging from an intricate trichoderm to a subcutis (see below); A. magniporus has a 
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darker reddish-brown pileus, a yellowish-white to reddish context, and a hymenophore with relatively 

larger and sparser pores (see below); A. solus, with type locality in Guangdong, has a brownish-

yellow to greyish-red pileus, a pale orange to pale red stipe, relatively smaller basidiospores 8ï10.5 

× 4.5ï5 ɛm, and a trichoderm-type pileipellis (Zhang et al. 2019). 

 

 
 

Figure 10 ï Microscopic characters of Aureoboletus exiguisquamatus (FHMU9198, holotype).  

a Basidiospores. b Basidia and pleurocystidium. c Pleurocystidia. d Cheilocystidia. e Pileipellis.  

f Stipitipellis. Scale bars represent 10 ɛm. 

 

Aureoboletus exiguisquamatus N.K. Zeng, H.Z. Qin, W.F. Lin & L.G. Hu, sp. nov. Figs 4f, 10 

MycoBank: MB 860292; Facesoffungi: FoF 19070 

Etymology ï Latin "exiguisquamatus" signifies the presence of dense, minute squamules on 

the stipe surface. 

Diagnosis ï This species can be diagnosed by a relatively small basidiocarp, a stipe adorned 

with small and pale brown squamules when mature, and a pileipellis ranging from an intricate 

trichoderm to a subcutis, which distinguish it from the closest Aureoboletus species. 
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Basidiomata very small in size. Pileus 1.7ï2.2 cm across, plano-convex to nearly plane; surface 

yellowish-brown (5A4ï5) to pale brown (6B5ï6), subtomentose, dry; margin decurved, entire; 

context at center 0.1ï0.25 cm thick, yellowish-white (1A2), no color change upon injury. 

Hymenophore poroid, sinuate to slightly decurrent; pores angular, yellowish-white (1A2ï4), 

sometimes turning bluish (25A5) upon injury; tubes 0.2ï0.3 cm deep, concolorous with pores, 

staining similarly. Stipe 2.5ï4.3 × 0.2ï0.5 cm, cylindric, mid-positioned, consolidated; surface 

greyish-yellow (2B4ï5), adorned with small and pale brown (5C5ï6) squamules when mature, dry; 

context white (2A1), no color change upon injury. Basal mycelium whitish (1A1). Odor 

unremarkable. 

Basidiospores [40/2/1] 8ï9.1ï10 × 4ï4.94ï5 (ï5.5) ɛm, Q = 1.6ï2 (ï2.25), Qm = 1.85 ± 0.12, 

smooth, elongate, slightly thick-walled (0.8ï1 ɛm), yellowish-brown. Basidia 27ï41 × 10ï13 ɛm, 4-

spored, subclavate to clavate, wall thickness approximately 0.5 µm, yellowish to achromatic, with 

inflated apex and granular contents; sterigmata 3ï5 ɛm. Cheilocystidia 39ï56 × 9ï13 ɛm, 

subfusiform, numerous, wall thickness 0.5ï1 ɛm, yellowish to achromatic, without incrustations. 

Pleurocystidia 37ï55 × 8ï13 ɛm, subfusiform, numerous, wall thickness 0.5ï1 ɛm, yellowish to 

achromatic, without incrustations. Hymenophoral trama consists of hyphae 4ï18 ɛm wide, wall 

thickness 0.5ï1 ɛm, achromatic. Pileipellis an intricate trichoderm to a subcutis, 145ï300 ɛm thick, 

consists of hyphae 5ï10 ɛm wide, wall thickness approximately 1 µm, usually bifurcate, achromatic 

to pale yellow, with subcylindric to cylindric apical cells 25ï77 × 5ï10 ɛm. Pileal trama consists of 

hyphae 4ï17 ɛm wide, wall thickness approximately 1 µm, achromatic. Stipitipellis 225ï410 ɛm 

thick, consists of hyphae 3ï14 ɛm wide, wall thickness approximately 1 Õm, yellowish, with 

subcylindric to cylindric apical cells 30ï80 × 5ï10 ɛm. Stipe trama consists of hyphae 3ï17 ɛm wide, 

wall thickness 0.5ï0.8 ɛm, achromatic. Clamp connections not observed in any tissue. 

Known distribution ï Zhejiang and Guangdong Provinces of China. 

Materials examined ï China, Guangdong Province, Renhua County, Danxiashan National 

Nature Reserve, 300 m elev., on soil in Fagaceae-dominated forests, solitary, 27 July 2019, N.K. 

Zeng4146-1 (FHMU3750). Zhejiang Province, Qingyuan County, Baishanzu, 1200 m elev., on soil 

in Pinaceae and Fagaceae mixed forests, solitary or scattered, 14 August 2023, N.K. Zeng7910 

(FHMU9198, holotype).  

Notes ï Aureoboletus exiguisquamatus shares morphological similarities with A. conicus N.K. 

Zeng et al. and A. velutipes Ming Zhang & T.H. Li. However, A. conicus, with type locality in Hainan 

of China, has an orangish-brown pileus, surface adorned with conical and brown squamules, a white 

stipe, surface adorned with light orangish-brown squamules, and a trichoderm-type pileipellis (Xue 

et al. 2023); A. velutipes, with type locality in Guangdong of China, has a reddish-brown to brownish-

orange pileus, surface adorned with tomentose to fibrillose squamules, a context slightly turning to 

pastel red upon injury, relatively larger basidiospores 10ï13 × 5ï6 ɛm, and a trichoderm-type 

pileipellis (Zhang et al. 2019). 

Furthermore, A. exiguisquamatus was misidentified as A. solus in a previous study (Xue et al. 

2023). Further investigations revealed notable differences in both phylogeny and morphology 

between the two taxa. The latter differs based on a brownish-orange to brownish-yellow pileus, a 

glabrous, light orange to reddish stipe, and a trichoderm-type pileipellis (Zhang et al. 2019). In the 

phylogenetic analysis, A. exiguisquamatus exhibits close affinity with A. applanatus,  

A. canceriformis, A. magniporus, and A. solus (Fig. 2). The differences between A. applanatus,  

A. canceriformis, and A. exiguisquamatus have been discussed under A. applanatus and  

A. canceriformis; A. magniporus has a yellowish-white to reddish context, a hymenophore with 

relatively larger and sparser pores, a light yellowish-brown to brownish stipe without squamules, and 

longer basidiospores 9ï12 × 4.5ï5.5 ɛm (see below); the morphological differences between  

A. solus and A. exiguisquamatus have been discussed above. 

 

Aureoboletus formosus Ming Zhang & T.H. Li, Mycol. Progr. 14: 2, 2015 Figs 4gïi, 11 

MycoBank: MB 813630; Facesoffungi: FoF 19071 
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Basidiomata ranging from very small to medium in size. Pileus 1.6ï5.7 cm across, convex to 

plano-convex; surface pinkish (6A2) to pale salmon (7A2ï3), smooth, sticky when wet; margin 

decurved, entire; context at center 0.2ï0.7 cm thick, white (1A2) to yellowish-white (5A2), 

unchanging or changing to pale red (7A2) upon injury. Hymenophore poroid, slightly sinuate; pores 

angular to subcircular, vivid yellow (2A7ï8), no color change upon injury; tubes 0.1ï0.6 cm deep, 

yellow (2B7ï8), no color change upon injury. Stipe 6.1ï11.5 × 1.2ï1.8 cm, cylindric, mid-positioned, 

consolidated; surface dusty pink (6B4) to grayish-yellow (2B5ï6), smooth, dry; context white (2A1), 

no color change upon injury. Basal mycelium whitish (1A1). Odor unremarkable. 

 

 
 

Figure 11 ï Microscopic characters of Aureoboletus formosus (FHMU9203). a Basidiospores.  

b Basidia. c Pleurocystidia. d Cheilocystidia. e Pileipellis. f Stipitipellis. Scale bars represent 10 ɛm. 
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Basidiospores [40/2/2] 11ï12.8ï14 (ï15) × 4ï4.99ï5.5 (ï6) ɛm, Q = 2.17ï3 (ï3.25),  

Qm = 2.58 ± 0.23, smooth, fusoid to cylindric, wall thickness approximately 1 µm, pale yellowish-

brown. Basidia 29ï39 × 9ï12 ɛm, 4-spored, subclavate to subcylindric, wall thickness approximately 

0.5 µm, achromatic, with inflated apex; sterigmata 2ï6 ɛm. Cheilocystidia 38ï82 × 12ï20 ɛm, 

subfusiform, numerous, wall thickness 0.5ï1 ɛm, achromatic, without incrustations. Pleurocystidia 

45ï74 × 10ï19 ɛm, subfusiform, numerous, wall thickness approximately 1 µm, achromatic, without 

incrustations. Hymenophoral trama consists hyphae 3ï12 ɛm wide, of wall thickness approximately 

1 µm, achromatic. Pileipellis an intricate trichoderm-type, 280ï410 ɛm thick, consists of hyphae 3ï

7 ɛm wide, wall thickness 0.5ï1 ɛm, usually bifurcate, yellowish to achromatic, with cylindric to 

subclavate apical cells 26ï70 × 3ï6 ɛm. Pileal trama consists of hyphae 3ï13 ɛm wide, wall thickness 

approximately 0.5 µm, yellowish to achromatic. Stipitipellis 250ï570 ɛm thick, consists of hyphae 

3ï14 ɛm wide, wall thickness approximately 0.5 Õm, achromatic, with subcylindric to cylindric 

apical cells 35ï78 × 5ï14 ɛm. Stipe trama consists of hyphae 2ï18 ɛm wide, wall thickness 

approximately 1 µm, achromatic. Clamp connections not observed in any tissue. 

Known distribution ï Hunan and Zhejiang Provinces of China. 

Materials examined ï China, Zhejiang Province, Qingyuan County, Baishanzu, 1200 m elev., 

on soil in Fagaceae-dominated forests, solitary, 12 August 2023, N.K. Zeng7669 (FHMU9201); same 

locality and date, N.K. Zeng7691 (FHMU9202); same locality and date, N.K. Zeng7706 

(FHMU9203). 

Notes ï The type locality of A. formosus is situated in Hunan (Zhang et al. 2015). Our study 

documents its additional occurrence in Zhejiang. The species was redescribed using recently 

collected specimens, and features a pinkish to pale salmon pileus, a context unchanging or changing 

to pale red upon injury, a vivid yellow hymenophore, fusoid to cylindric basidiospores, and an 

intricate trichoderm-type pileipellis. Additionally, certain morphological differences have been 

documented among specimens identified as A. formosus. Notably, collections reported by Zhang et 

al. (2015) exhibit a grayish-ruby to pink pileus, surface adorned with tomentose to fibrillose 

squamules, a context no color change upon injury, relatively larger basidiospores 14.5ï17 × 4.5Έ5.5 

ɛm, and an ixotrichoderm-type pileipellis. 

 

Aureoboletus glutinosus Ming Zhang & T.H. Li, MycoKeys 61: 121, 2019 Figs 4jïk, 12 

MycoBank: MB 827103; Facesoffungi: FoF 19072 

Basidiomata very small in size. Pileus 1ï1.5 cm across, subhemispherical to convex; surface 

reddish-brown (10C5ï6) to pale reddish-brown (7B5), distinctly wrinkled, irregular bump, sticky; 

margin decurved, entire; context at center 0.2ï0.5 cm thick, reddish (7A2), no color change upon 

injury. Hymenophore poroid, sinuate to slightly decurrent; pores angular to subcircular, yellowish-

white (2A2ï3), no color change upon injury; tubes 0.1ï0.3 cm deep, pale yellow (1A4), no color 

change upon injury. Stipe 2ï3 × 0.2ï0.3 cm, cylindric, mid-positioned, consolidated; surface grayish-

brown (2B3) to pale brown (5B5), smooth, sticky when wet; context white (1A1), no color change 

upon injury. Basal mycelium whitish (1A1). Odor unremarkable. 

Basidiospores [20/1/1] 9.5ï11.3ï12 (ï13) × 4ï4.48ï5 ɛm, Q = 2.2ï3 (ï3.25), Qm = 2.55 ± 

0.32, smooth, fusoid to cylindric, wall thickness approximately 1 µm, pale yellowish-brown. Basidia 

24ï29 × 8ï11 ɛm, 4-spored, subclavate to subcylindric, wall thickness approximately 0.5 µm, 

yellowish to achromatic, with inflated apex and granular contents; sterigmata 2ï6 ɛm. Cheilocystidia 

32ï52 × 8ï10 ɛm, subfusiform, numerous, wall thickness approximately 0.5 µm, achromatic, without 

incrustations. Pleurocystidia 28ï47 × 7ï10 ɛm, subfusiform, numerous, wall thickness 

approximately 0.5 µm, achromatic, without incrustations. Hymenophoral trama consists of hyphae 

3ï13 ɛm wide, wall thickness approximately 1 Õm, achromatic. Pileipellis an ixotrichoderm-type, 

240ï400 ɛm thick, consists of hyphae 4ï15 ɛm wide, wall thickness approximately 1 Õm, 

occasionally bifurcate, pale yellow to yellow, with subcylindric to subclavate apical cells 25ï85 × 4ï

8 ɛm. Pileal trama consists of hyphae 3ï15 ɛm wide, wall thickness 0.5ï1 ɛm, achromatic. 

Stipitipellis 235ï485 ɛm thick, consists of hyphae 2ï10 ɛm wide, wall thickness approximately 0.5 

µm, yellowish to achromatic, with subcylindric to cylindric apical cells 22ï85 × 3ï8 ɛm. Stipe trama 
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consists of hyphae 3ï14 ɛm wide, wall thickness 0.5ï1 ɛm, achromatic to pale yellow. Clamp 

connections not observed in any tissue. 

 

 
 

Figure 12 ï Microscopic characters of Aureoboletus glutinosus (FHMU9204). a Basidiospores.  

b Basidia. c Pleurocystidia. d Cheilocystidia. e Pileipellis. f Stipitipellis. Scale bars represent 10 ɛm. 

 

Known distribution ï Hunan, Anhui and Zhejiang Provinces of China. 
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Material examined ï China, Zhejiang Province, Qingyuan County, Zuoxi Town, Yinjiang 

Village, 800 m elev., on soil in Pinaceae and Fagaceae mixed forests, solitary, 15 August 2023, 

gui0008 (FHMU9204). 

Notes ï The type locality of A. glutinosus is situated in Hunan, and has also been reported in 

Anhui (Zhang et al. 2019). Our study documents its additional occurrence in Zhejiang. The species 

was redescribed using recently collected specimen, featuring a small and glutinous basidioma,  

a distinctly wrinkled, irregular bump and reddish-brown pileus, a light brown to grayish-brown stipe, 

and a trichoderm-type pileipellis. 

 

Aureoboletus hainanensis N.K. Zeng, H.Z. Qin & Zhi Q. Liang, sp. nov. Figs 4lïm, 13 

MycoBank: MB 860293; Facesoffungi: FoF 19073 

Etymology ï Latin ñhainanensisò is derived from Hainan Province of China, the type locality. 

Diagnosis ï This species can be diagnosed by a relatively small basidiocarp, a pileus adorned 

with furfuraceous and yellowish-brown to pale pink scales, and cystidia coated with a layer of 

achromatic material, which distinguish it from the closest Aureoboletus species. 

Basidiomata very small in size. Pileus 1ï1.3 cm across, convex to plano-convex; surface 

yellowish-white (4A2ï3) to pale yellow (3A4), adorned with furfuraceous and yellowish-brown 

(5B5ï6) to pale pink (7A2ï3) scales, slightly sticky when wet; margin decurved, entire; context at 

center 0.35ï0.5 cm thick, white (1A1) to yellowish-white (2A2ï3), no color change upon injury. 

Hymenophore poroid, sinuate; pores angular to subcircular, bright yellow (2A6) to pale yellow (1B6ï

7), no color change upon injury; tubes 0.1ï0.3 cm deep, concolorous with pores, no color change 

upon injury. Stipe 1.5ï2.2 × 0.2ï0.5 cm, cylindric, mid-positioned, consolidated; surface pale 

yellowish-brown (3B4ï5), with longitudinally streaked, slightly sticky when wet; context yellowish-

white (2A2), no color change upon injury. Basal mycelium whitish (1A1). Odor unremarkable. 

Basidiospores [20/1/1] 7.5ï8.15ï9 ×5ï5.15ï5.5 ɛm, Q = 1.45ï1.64 (ï1.7), Qm = 1.58 ± 0.06, 

smooth, ellipsoid to elongate, wall thickness approximately 0.5 µm, pale yellowish-brown. Basidia 

26ï35 × 11ï15 ɛm, 4-spored, subclavate, wall thickness approximately 0.5 µm, yellowish, with 

inflated apex; sterigmata 3ï5 ɛm. Cheilocystidia 39ï56 × 9ï14 ɛm, subfusiform, not numerous, wall 

thickness approximately 0.5 µm, yellowish, surface coated with a layer (1ï5 ɛm) of achromatic 

material. Pleurocystidia 36ï68 × 7ï13 ɛm, subfusiform, not numerous, wall thickness approximately 

0.5 µm, pale yellow, surface coated with a layer (1ï3 ɛm) of achromatic material. Hymenophoral 

trama consists of hyphae 3ï19 ɛm wide, wall thickness approximately 0.5 µm, achromatic. Pileipellis 

a trichoderm-type, 245ï400 ɛm thick, consists of hyphae 3ï9 ɛm wide, wall thickness 0.5ï0.8 ɛm, 

occasionally bifurcate, yellowish, with subcylindric to subclavate apical cells 30ï66 × 4ï6 ɛm. Pileal 

trama consists of hyphae 3ï13 ɛm wide, wall thickness approximately 0.5 µm, achromatic. 

Stipitipellis 140ï200 ɛm thick, consists of hyphae 3ï8 ɛm wide, wall thickness 0.5ï1 ɛm, yellowish, 

with subcylindric apical cells 30ï73 × 3ï7 ɛm. Stipe trama consists of hyphae 3ï19 ɛm wide, wall 

thickness approximately 1 µm, yellowish to achromatic. Clamp connections not observed in any 

tissue. 

Known distribution ï Hainan Province of China. 

Materials examined ï China, Hainan Province, Changjiang Li Autonomous County, 

Bawangling of Hainan Tropical Rainforest National Park, 650 m elev., on soil in Fagaceae-dominated 

forests, solitary, 31 August 2019, N.K. Zeng4203 (FHMU6976); same locality, 3 September 2020, 

N.K. Zeng4954 (FHMU5542, holotype). 

Notes ï Aureoboletus hainanensis shares morphological similarities with A. ayuukii,  

A. minimus, and A. solus. However, A. ayuukii, with type locality in Mexico, has a brownish-orange 

to cinnamon brown pileus, a context changing brownish-orange upon injury, a hymenophore 

changing cinnamon to ochraceous upon injury, a furfuraceous stipe, and cystidia without 

incrustations (Ayala-Vásquez et al. 2023a); A. minimus, with type locality in Vietnam, has a light 

orange to grayish-red pileus, surface adorned with tomentose to fbrillose squamules, a context 

slightly turning greyish-red or greyish-pink upon injury, a pastel red to grayish-red stipe, larger and 

subfusiform basidiospores 13ï16 × 5ï6 ɛm, and cystidia without incrustations (Liu et al. 2024); 



    3525 

Chinese A. solus has a brownish-red to brownish-yellow pileus, a pale orange to pale red stipe, and 

cystidia without incrustations (Zhang et al. 2019). 

Phylogenetically, A. hainanensis exhibits close affinity with A. nephrosporus G. Wu & Zhu L. 

Yang (Fig. 2). However, the latter species, with type locality in Yunnan of China, has a larger, 

grayish-rose to brownish-red pileus, and a dark orange to yellow ochre stipe (Wu et al. 2016). 

 

 
 

Figure 13 ï Microscopic characters of Aureoboletus hainanensis (FHMU5542, holotype).  

a Basidiospores. b Basidia. c Pleurocystidia. d Cheilocystidia. e Pileipellis. f Stipitipellis. Scale bars 

represent 10 ɛm. 

Basidiomata ranging from small to large in size. Pileus 3.8ï12 cm across, subhemispherical to 

plano-convex; surface yellowish-brown (5A5ï6) to pale brown (6B6ï7), smooth, sticky when wet; 

margin decurved, entire; context at center 0.4ï2.2 cm thick, white (1A1) to yellowish-white (1A2ï

3), no color change upon injury. Hymenophore poroid, sinuate; pores angular to subcircular, pale 


