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Abstract

The family Boletaceae (Boletajesomprises ecologically and economically vital macrofungi
with a global distribution in forest ecosysterddthough 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 discoMemphological examinations
and multilocus phylogenetic analys (28S, TEF1, RPBL, and RPB2) were integrated using
specimens collected from subtropical and tropical China. Studies have demonistiatiecte novel
genera Boletellopsis Chenrenyua Sudongpop were established to accommodate four newly
identified species(. longispora C. verrucosa S. rubicarpos S. rubripe$ and onepreviously
described taxorfB. elatg. Twenty-two additional taxa were described, comprising fourteen new
species in the generdureoboletusand Hemileccinum viz. A. applanatus A. atrotomentosys
A. canceriformis A. exiguisquamatysA. hainanensis A. macrocarpus A. magniporus
A. pallidorubellus A. phaeosquamuysA. urceopileus H. brunneoalbum H. dilutibrunneum
H. lutosum andH. verrucatum Taxonomic clarifications resolved tie soluscomplex into five
species; confirmed the phylogenetic distinctnessAofpallidorubellus from A. rubellus and
synonymizedA. pseudorusselliwith A. wusangongiand H. squamipeswvith H. parvum These
findings significantly advance Boletaceae systematics, revealing substantial undocumented diversity
in China and providing critical data for fungal conservation asthsnable resource utilizatiokeys
to accepted species AtireoboletusndHemileccinumn Chinawere also provided
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The family Boletaceae Chevall.B¢letales, Agaricomycetes) isn ecologically and
economically important macrofungal group, with a global distribution across diverse forest
ecosystemgHenkelet al. 2016, Wu et al. 2016, 20Fridet al. 2021Li & Yang 2021, Magnhago
et al. 2022Ayala-Vasquez et al. 2023Mao et al. 2023Xue et al. 2023Tremble et al. 2024 Most
boletesplay pivotal roles in maintaining forestosystem stability and biodiversity conservation by
forming ectomycorrhizae with dominant woody plants, including Fagaceae, Pinaceae, Myrtaceae,
and Dipterocarpacegglusbandset al. 2013, Wu et al. 2014, 2016, 202Zkdersocet al. 2020,
Ayala-Vasquez et al. 20230ang et al. 2023, Qin et al. 2024k)rthermorenumerous Boletaceae
species have long beealued in human societies ssurces of food and medicienget al. 2012,
Wuetal. 2014D i mi t eetialj 201v,iWMu et al. 2018yala-Vasquez et al. 2023kue et al. 2023,

2024) Given these multifaceted values, taxonomic research on Boletaceae is essential for effective
conservation planning and sustainable resource managesaguia(let al. 2023Zhou & 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
BoletaceadBinder & Hibbett 2006Nuhnet al. 2013, Zeng et al. 2018/u et al. 2014, Wu et al.

2023, Xue et al. 2023Tremble et al. 2024Qin et al. 2024a)Notably, phylogenomic analyses
utilizing wholegenome sequencing data have facilitated taxonomic revision of Boletaceae, dividing
it into the following subfamiliesBoletoideae Singer, Xerocomoideae Sindgerstroboletoideae G.

Wu & Zhu L. Yang, Chalciporoideae G. Wu & Zhu L. Yang, Leccinoideae G. Wu & Zhu L. Yang,
Zangioideae G. Wet al.,Phylloboletelloideae Dentinget al, and Suillelloideae Dentinget al.
(Tremble et al. 2024 Globally, nearly 100 genera and 1200 species have been documented in
Boletaceae, demonstrating remarkatpeciesliversity (Zeng et al. 2013)u 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 b genera and 400 species within its bord@hi & Liu 2013, Zeng
et al. 2013, 2016, Wu et al. 2014, 2015, 2016, Zhao et alb2Wi4 et al. 2021, Zhu et al. 2015,

& 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. 20@5% now unequivocal that China constitutes a
global biodiversity hotspot for BetaceaeThis biodiversity prominence arises from China's floristic
richness, complex topographic configuraticasd climatic variabilitZang et al. 2001, Yang et al.

2005, Sun et al. 2017, Mao et al. 2023, Wu et al. 2023, Xue et al. Z0243ynergistic interactions

of these environmental factors enhance both the species diversity and endemism of Boletaceae fungi,
particularly evident in subtropical and tropical regiori€hai 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. 20244, b).

Nevertheless, the taxonomic understanding of Boletaceae, particularly in the -siglcies
subtropical and tropical forests of China, remains incomplete. Ongoing discoveries of undocumented
species and persistent ambiguities in phylogenetic relationshipswe 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 -hoglis phylogenetic
analyses, based ohnet 28S,TEF1, RPBL, andRPR 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 twambytaxa, including 14 new species; and
(3) to provide a drified taxonomic foundation that will support the further development of a
systematic framework for Boletaceae.

MATERIALS AND METHODS
Morphological studies

Research materials in this study wedlectedfrom tropical and subtropicaChina. Fresh
specimens underwent hdursdehydration in a constatemperature drying oven atisaD °C before
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permanent deposition at the Hainan Biodiversity Science and Technology Museum (FHMU, China).
Macroscopic characteristics were documented from freshly colleetgdiomataand color codes
followed Kornerup & Wanscher (1981QPbservations and color descriptions of the microstructure
were performed in 5% KOH using an Olympus CX23 light microscope; 1% Congo Red stain was
supplemented when requir€deng et al. 201,%Zhang et al. 2022All microstructures were drawn
freehand.Pileipellis sections were excisédm the medial zone (centemargin interface) of the
pileus, while stipitipellis sections were sampled from the axial midsection of thefsHpéss Sigma

300 scanning electron microscope (SEM) was utilized for imagingb#sediosporesin the

morphological descriptions "n" sta&df or t he t ot al number of basi i
basi di omata of fApo collections, the number of
ranges are expressed ag)f@ieic(id ) , wandihd ¢i ardoe p rxteemesfietoi ntghee ar i t h

mean, and "bc" encompassing 90% of measurementsi @kh percentiles). The Q value represents
the lengthto-width ratio of basidiospores, with Qm indicating meanvih standard deviation
Statistical processing was executed using SPSS Stati$d3(Xie et al. 2022).

Molecular procedures

Genomic DNA was isolated from driesllectionsusing 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 (28Syith LROR/LRS5 (Vilgalys & Hester 1990James et al. 2006), the translation
elongation factor 4J TEF1) with EF:2F/EF%2R (Zeng et al. 2013), the RNA polymerase Il largest
subunit RPBL) with RPB1B-F/RPBXB-R (Wu et al. 2014)and the RNA polymerase Il second
largest subunitRPB2) with bRPB26F/bRPB27.1R (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 3730xI DNA Analyzer (B8angzhou, China) using the
original PCR primers. Assembly of all newly generated sequences was conducted in BidEdit
(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 58S TE'(EinBank FIQ?DBl RPE2

Aureoboletus applanau(NFﬁMZlfgfggel China PQ962519 PQ963929 & 3

A. atrotomentosus z\lliﬁ MZUe f 3:;3)27 China PV469788 o} o} PV470485
A. canceriformis '(\'Fﬁmzlfgfggﬁ“ China PQ962520 PQ963872 & PV014760
A canceriformis ?'FﬁMZlfglggf)o“l China PQ962521 PQ963873 & PV014761
A. conicus ?'F'ﬁmzjgfg%& China PQ962522 PQ963874 & PV014762
A. conicus (le'ﬁmzlfgfggf“ China PQ962523 PQ963875 & PV014763
A. conicus ?'FﬁMZlfgfgf;S China PQ962524 PQY63876 & PV014764
A. conicus '(\'Fﬁmzjgfgs)so China PQ962525 PQ963877 & PV014765
A. conicus ?'FﬁMZlfgfgg)Sz China PQ962526 PQ963878 & PV014766
A. conicus ?'F'ﬁmzjgfg%lz China PQ962527 PQ963879 & PV014767
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Table 1 Continued

Species Voucher specimen  Locality 58S TEﬁinBank IIQEI)DBl RPE2

A. duplicatoporus ?l,:ﬁmzfgfgg)og China PQ962529 PQY63881 & 5

A. duplicatoporus Z\IF.ﬁMZUegzggg)BO China PQ962530 5 5 5

A. exiguisquamatus ?‘FﬁMZLfgfggﬁo China PQ962528 PQ963880 & PV014768
A. formosus ?‘Izﬁi\/ﬁ;‘ggffg China PQ962531 PQ963882 & PV014769
A. formosus ?'F'ﬁMZL?gggggl China PQ962532 PQ963883 & PV014770
A. formosus ?‘Fﬁi\ﬂzjgggg)% China PQ962533 PQ963884 PV014771
A. glutinosus gui0008 (FHMU9204)  China  PQ962534 PQ963885 PV014772
A. hainanensis ?‘Fﬁivlzlfggj%ﬁ“ China PV469787 PV470484 5

A. longicollis ?I#EMZSS%ET)SS China PQ962535 PQ963886 & PV014773
A. longicollis ?‘Fﬁlefggggfg China PQ962536 PQ963887 & PV014774
A. macrocarpus ?‘Fﬁi\ﬂzlfggg%% China PQ962537 PQ963888 & PV014775
A. macrocarpus ?IF'EMZSS%S)% China PQ962538 PQ963889 & PV014776
A.macrocarpus [“F'.fmzfg?%gs)% China PQ962539 PQ963890 & PV014777
A.macrocarpus ?'Fﬁmzlfggfg% China PQ962540 PQ963891 & PV014778
A.macrocarpus ?'Fﬁmzlj’ggffﬁg China PQ962541 PQ963892 & PV014779
A.macrocarpus ?‘F'ﬁmzlfggfg)oz China PQ962542 PQ963893 & PV014780
A. macrocarpus ?'F'ﬁmzlj’ggf%“ China PQ962543 PQ963894 & PV014781
A. magniporus ?‘Fﬁlefggfj)ﬁz China PQ962544 PQ963895 & PV014782
A. magniporus ?'F'ﬁmzlj’ggf:)“ China PQ962545 PQ963896 & PV014783
A. miniatoaurantiacus ?'F'ﬁmzlj’ggfg% China PQ962546 PQ963897 & PV014784
A. miniatoaurantiacus ?‘Fﬁi\ﬁzfggf%% China PQ962547 o} 0 0

A nanlingensis ?'Fﬁmzlj’ggf;)% China PQ962548 PQ963898 & 5

A ornatipes I(\llzﬁi\/lzlfggfgfo China PQ962549 PQ963899 & 5

A. omatipes (NI:'ﬁMZlfgggGm China PQ962550 PQ963900 & 5

A. omatipes ?'Fﬁmzlfggf)m China PQ962551 PQ963901 & PV014785
A. pallidorubellus '(“F'.fMZSSSZSﬁQ China PQ962552 PQ963902 PV014786
A. phaeosquamus ?'Fﬁmzlfgg%ls China PQ962557 PQ963907 & PV014791
A. phaeosquamus ?'ﬁﬁmzjggggﬁo China PQ962558 PQ963908 & PV014792
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Table 1 Continued

Species Voucher specimen  Locality 285 TElczinBank FIQEI)DBl RPB2
A. raphanaceus ?‘Fﬁi\ﬂzjgggg)% China PQ962559 PQ963909 & PV014793
A. raphanaceus ?'#ﬁmzjggg(%z“ China PQ962560 PQ963910 & PV014794
Araphanaceus oo TR China PQ962561 PQ963911 & 5
A. raphanaceus ?‘#ﬁi\/ﬁ;‘ggg)“g China PQ962562 PQ963912 & PV014795
A. raphanaceus E\IF.ﬁMZUegzgggl)ZB China PQ962563 5 5 3
A. raphanaceus ?lliﬁi\/lzjgggj)% China PQ962564 5 5 3
A. raphanaceus Z\IF.EMZUeSZg??é)H China PQ962565 8 5 F)
A. raphanaceus Z\IF.EMZUegggg)Ol China PQ962566 5 5 F)
A. raphanaceus Z\IF.ﬁMleagzg??%ZO China PQ962567 5 5 3
A. raphanaceus ?IleleJegzg]??g)gl China PQ962568 5 5 F)
A. sinobadius ?‘Fﬁmzlfgggg)% China PQ962569 PQ963913 & 5
A. sinobadius ?'ﬁﬁmzfggfg)% China PQ962570 PQ963914 & PV014796
A. sinobadius ?IF'EMZSSEZSZS China PQ962571 PQ963915 & 3
A. sinobadius ?‘FﬁMZSgZQZ%% China PQ962572 PQU63916 & PV014797
A. sinobadius ?'F-ﬁmzlj’ggz?%m China PQ962573 PQ963917 & PV014798
A. sinobadius ?‘FﬁMZSggf‘%Ol China PQ962574 PQU63918 3 5
A. sinobadius ?'F'ﬁmzlfggf%” China PQ962575 & 3 3
A. sinobadius ?'F-ﬁmzlj’ggf(%e"‘ China PQ962576 PQ963919 & PV014799
A. sinocyanescens ?‘Fﬁlefggg;Ol China PQ962553 PQ963903 & PV014787
A. sinocyanescens ?'F-ﬁmzlj’ggg% China PQ962554 PQU63904 & PV014788
A. sinocyanescens ?'F-ﬁmzlj’gggglg China PQ962555 PQ963905 & PV014789
A. sinocyanescens (N#ﬁmzlfgggg)os China PQ962556 PQU63906 3 PV014790
A. tenuis ?'Fﬁmzlfgzgzgm China PQ962577 & 5 5
A. tenuis '(\‘F-ﬁMZlfggzg)gs China PQ962578 PQ963920 & PV014800
A. tenuis (NF'EMZSSEZS)m China PQ962579 PQ963921 & PV014801
A. tenuis ?',:'ﬁmzlfggg(%& China PQ962580 PQ963922 & PV014802
A. tenuis (NF-ﬁszgggf;’o China PQ962581 PQU63923 & PV014803
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Table 1 Continued

Species Voucher specimen  Localit GenBank ID
P P Y T 28s TEF1 RPBL RPB2
A. urceopileus N.K. Zeng7961 .
(FHMU9252)* China PQ962582 PQ963924 0 PV014804
A. urceopileus N.K. Zeng79611 .
(FHMU9253) China PQ962583 PQ963925 o} PVv014805
A. velutipes N.K. Zeng8182 .
(FHMU9254) China PQ962584 PQ963926 o} PV014806
A. yunnanensis guio001 (FHMU9255) China  PQ962585 PQ963927 0 PVv014807
. N.K. Zeng7939 .
A. yunnanensis (FHMU9256) China PQ962586 PQ963928 o} PV014808
Boletellopsis elata Huliguil (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 longisporeHuligui0029 China
(FHMU8446)* PV938583 PV945447 PV955755 0
C. longispora Zengl0314 China
(FHMU7986) PV938584 PV945448 PV955756 0
C. verrucosa N.K. Zeng10144 China
(FHMU8452)* PV938581 PV945444 PV955748 PV945459
C. verrucosa N.K. Zeng101441 China
(FHMU10545) o) o) PV955749 PV945460
C. verrucosa N.K. Zeng10144 China
(FHMU10546) o} PV945445 PV955750 PV945461
C. verrucosa N.K. Zeng101443 China
(FHMU10547) PV938582 PV945446 PV955751 PV945462
Hemileccinum albidumN.K. Zeng1031 China o} o} o} PX123130
(FHMU7995
H. brevisporum N.K. Zeng10350 China PX057185 PX123115 PX123106 PX123131
(FHMU8601)
H. brevisporum N.K. Zeng10353 China PX057186 PX123116 PX123107 PX123132
(FHMU8395)
H. brunneoalbum JT-48 (FHMU8319)* China PX057187 PX123117 PX123108 PX123133
H. brunneoalbum JT-48-3 (FHMU10540) China o} PX123118 o} PX123134
H. dilutibrunneum JT-43 (FHMU8853)* China PX057190 PX123120 PX123111 PX123137
H. dilutibrunneum JT-43-1 (FHMU10541) China PX057191 PX123121 0 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 Huligui00531 China PX057188 PX123119 PX123109 PX123135
(FHMU9184)
H. ferrugineipes Huligui00532 China  PX057189 o} PX123110 PX123136
(FHMU10544)
H. lutosum N.K. Zeng7620 China PX057194 PX12312 o} PX123141
(FHMU8142)*
H. lutosum N.K. Zeng76261 China o} PX12315 o} o}
(FHMU11636)
H. parvum N.K. Zengr984 China PX057196 PX12313 0 0
(FHMU7728)
H. parvum N.K. Zendg3003 China PX057197 PX1231® o} o}
(FHMU7727)
H. verrucatum N.K. Zeng7731 China PX057195 PX1231% PX123114 PX123142
(FHMU10025)*
H. verrucatum N.K. Zeng77311 China o) PX12317 0 PX123143
(FHMU11637)
. N.K. Zeng10297 .
Sudongpoaubicarpos (FHMU9171)* China  PV938585 PV945449 PV955752 PV945463
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Table 1 Continued

Species Voucher specimen  Locality GenBank ID
28S TEF1 RPBL RPB2
S.rubicarpos ?‘Fﬁi\ﬂzﬂ‘gé}fg)gn China PV938586 PV945450 PV955753 PV945464
S.rubicarpos ?Iﬁﬁmszgéfg)% China PV938587 PV945451 PV955754 PVO45465
S. rubripes ?‘Fﬁmzjgggf)?"‘ China PV938589 PV945453 & P\V945466
S. rubripes Z\'F'ﬁmzjggzlglm China PV938590 PV945454 & PV945467
S. rubripes ?'Fﬁmzjg%lf){% China PV938588 PV945452 & 5

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 (28STEF1: 14,RPBL: 12,RPR2: 12) from 15 specimens
representing three new genera, combined with reference sequences from literature and GenBank
(Supplementary Table 1). Following Qin et al. (20244)lebopus portentosu8erk. & Broome)

Boedijn andBoletinellus merulioidegSchwein). Murrill were designated as the outgroup. The
Aureoboletusdataset comprised 179 new sequesn (28S: 70, TEFLl: 59, RPR2: 50) from 70
specimens, alongside published sequences (Supplementary Table Bhwitporus imbricatus

N.K. Zenget al, Xerocomusaff. subtomentosu@..) Quél, andXerocomusp. (N.K. Zeng3180) as
outgroups according to Xue et al. (2023) and Qin et al. (20ZAb}emileccinundataset contained

51 new sequences (28S: IIEF1: 15, RPBL: 9, RPR2: 14) from 17 specimens and published
sequences (Supplementary Table 1), usingeoboletus erythraeld.K. Zenget al.as the outgroup
following Wang et al. (2020) and Zhao et al. (2025). All new sequence data are summarized in Table
1.

To evaluatephylogeneticincongruence 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 fragduestsjuent
sequence alignment of all datasets was performed using MUSCLE v3.6 (Edgaa2dodanualy
adjusted in BioEdit v7.0.9 (Hall 1999) where requir€dncatenation of gene fragments for further
analyses was conducted usBgguenceMaitx v1.7.8 Kue et al. 202%

Phylogenetic analysis

In the phylogenetic analyses using mgiine datasst bothmaximum/likelihood (ML) and
Bayesianinference (Bl) approaches were employRAxML v7.2.6was used to performiL tree
generation and bootstrap analyses, incorporating 1000 bootsptegates combined with ML search
procedureqStamatakis 2006)Bl was executed using MrBaye8.2.7 via the CIPRES Science
Gateway Portal (Huelsenbeck & Ronquist 200&iller 2010), with parameters and bef#t
substitutional models determined a priori through MrModeltest v2.3 (Nylander 2004).
Boletaceae combined dataset exhibited GTR + 1+ G, GTR + 1+ G, HKY + |+ G, and SYM+ | + G
as the bestit likelihood models for the 28STEF1, RPBL, and RPB2 genes, respectivelythe
Aureoboletusombined dataset exhibited GFR + G, HKY + 1 + G, and SYM + | + G as the best
fit likelihood models for the 28FEF1, andRPR2 genes, respectivelyhe Hemileccinuntombined
dataset exhibited GTR + | + G, SYMG, HKY + G, and K80+ | as the bestfit likelihood models
for the 28S,TEFL, RPBEL, andRPR2 genes, respectivelBl analyses were performed on the three
combined nuclear datasets for 45, 30, and 30 million generations, respectively, with a sampling
frequency of every 100 generatiofitie initial 25% of sampled trees were discarded as-injiand
a majorityrule 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 S3ZB&8taceag S32247 Aureoboletuy
and S32274Hemileccinun The Boletaceae dataset (28%EF1 + RPBL + RPB2), comprising 190
sequences and 3232 nucleotide sites, revealed that our new collections formed three distinct generic
level clades. Théureoboletuslataset (28S ¥EF1 + RPR2), with 247 sequences and 2174 sites,
resolved the studied specimens into 16 isdevel lineages. Thélemileccinumdataset (28S +
TEFL +RPBL + RPR2), containing 71 sequences and 2497 sites, identified six spevsttineages.
The tree topologies inferred from maximum likelihood (ML) and Bayesian inference (Bl) were
highly similar across all datasets, with only minor differences in statisticabsu{BS/PP) observed
for some branches. The resulting phylograms, showing RAXML branch lengths and support values,

are presented in Fig&&.

100/1

87/1 Pulveroboletus
97/1 Amoenoboletus
100/ Suillellus
Hemilanmaoa
Imperator torosus MB000258 Germany
100/1 .
Wﬂ Cracinoboletus
991 ?:] Caloboletus
98/—| Ru brobolergs
921 [ Sutorius
N Neoboletus thibetanus HKAS57093 Tibet, SW China
98/ C i Henkel 9061 Guyana
001 Sutorius eximius HKAS59657 Yunnan, SW China
—] Rubroboletus
Chenrenyua verrucosa N.K. Zeng10144 (FHMU8452) Zhejiang, eastern China holotype . .
74/1| Chenrenyua a N.K. Zeng10144-2 (FHMU10546) Zhe| stern China Suillelloideae
Chenrenyua verrucosa N.K, Zeng10144-1 (FHMU10545) Zhejiang, eastern China
Chenrenyua verrucosa N.K. Zeng10144-3 (FHMU10547) Zhejiang, eastern China Chenrenyua gen. nov. /Phy"obolete"oideae
100/1; Chenrenyua longispora N.K. Zeng10314 (FHMU7986) Zhejiang, eastern China
Chenrenyua longispora Huligui0029 (FHMUB446) Zhejiang, eastern China holotype
Rugiboletus
Rubroleccinum
ing brifl Henkel 9585 Guyana
Er i i DGM70536 Hainan, southern China
{_—99”1 Rufoboletus
97/0.98 Gymnogaster boletoides NY01194009 Australia
{391 Butyriboletus
Exsudoporus floridanus FLAS-F-59069 USA
3388 Mexico
100/1 Cyanoboletus
Cupi ikil AQUI 7195 ltaly
Acyanoboletus
200, p— [« OR1306 Thailand
L 100/L T Baorangia
190/1 "7 Strobilomyces
73— A luteolus 00-436 Africa
d AP 6693 India
74— i i VIES 9901322 Brazil
[~ Nevesoporus
Anthracoporus
10011 Abtylopilus scabrosus HKAS50211 Yunnan, SW China
Tylopilus sp. HKAS50211 Yunnan, SW China
Boletus bainit t 2235 Yunnan, SW China

100/1——2 ] porphyreltus
{

ivoryana Arora 126 Zimbabwe
Ibipodus TH8848 Guyana

Kgaria cyanogranulifer REH9508 Australia BOIetOideae

100/1 Tengioboletus
Neotropicomus australis ACM1138 Brazil
21/0.9 Xanthoconium

africanus SAB0716 Guinea

961 Tylopilus
Jimtra Henkel 9163 Guyana
10011 Imleria i g
70/0.98 "

L Yunnan, SW China
9211 leliogaster columellifer KPM-NC 23012 Japan

1 Hi
83/1] is HKAS68204 Yunnan, SW China
1 Xeracomellus corneris HCAS52503 Yunnan, SW China

ens ZT 13553 southern China
kil HKAS52633 Yunnan, SW China

Mucilopilus
Carolinigaster bonitoi F-62017 USA
Mucilopilus HKAS50229 Yunnan, SW China

HKAS52683 Fujian, SE China
Hemiaustroboletus vinaceobrunneus MEXU_30051 Mexico

P ilioides Sichuan, SW China

Veloporphyrellus
linella pruni REH9502 Australia

1001

Austroboletoideae

Fi Iba HKAS53367 Fujian, SE China
Bothia
POropsi: ides JBSD127411 Dominican Republic
Solioccasus polychi R.E.Halling 9417 Australia

Figure 1 7 RAXML phylogram of Boletaceae based on 28§F1, RPBL, andRPB2. Branch
supports (BS O 70 %ew &gueres th caddBEyeprasensoutbestem nand
SWrepresensouthwestern
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Boletellopsis elata Huligui1 (FHMU10550) Zhejiang, eastern China
Boletellopsis elata Huligui3 (FHMU10552) Zhejiang, eastern China
Boletellopsis elata Huligui2 (FHMU10551) Zhejiang, eastern China
Alessioporus ichnusanus AMB 12756 Italy

Pulchroboletus roseoalbidus AMB 12757 ltaly

eng 10297-1 (FHM
K. ng 10297 (FHMU9
432546 Australia
4
Rubinosporus auriporus SV0101 Thailand
Boletus morrisii 8206 USA

Veloboletus limbatus REH9228 Australia

Hourangia

Turmalinea yuwanensis KPM-NC-0018011 Japan
Rossbeevera vittatispora 05C61484 Yunnan, SW China
Leccinellum citrinum HKAS53427 Hunan, central China
Leccinellum corsicum Buf4507 USA

Garcileccinum viscosum MEXU:HO 30108 Mexico

Octaviania
Chamonlxia caespitosa OSC-117571 USA
i rufescens HKAS74705

Rossbeevera yunnanensis HKAS70601 Yunnan, SW China

Boletellopsis gen. nov.

a holotype

Xerocomoideae

88/0.99 longipes Lee1180 Sit

Borofutus dhakanus HKAS73789 Bangladesh
Spongiforma thailandica DED7873 Thailand

i is $V208 Thailand

Binderoboletus segoi Henkel 8035 Guyana

B7—— e

Kombocles bakaiana THDJA 136 Cameroon
Villoboletus persicinus BJTC FM1869 Shanxi, northern China

931

Boletaceae

95/

Yunnan, SW China
Mycoamaranthus sp. NN22-11107 USA
Harrya atrogrisea HKASS50542 Yunnan, SW China

98/1 o] Buchwaldoboletus
E—
- =——___| Chalkiporus
{ Pseudophylioporus
o0/ 100/1

AFTOL-ID 575 USA

Figure 17 Continued.

Taxonomy
AureoboletusPouzarl. e s k 8§ My kb7 11 :
MycoBank MB 17129 FacesoffungiFoF19063

AureoboletusapplanatusN.K. Zeng, H.Z. Qin & Zhi Q. Liang, sp. nov

MycoBank MB 860289 FacesoffungiFoF19067
Etymologyi Latin fiapplanatus signifies the applan

SING 0206334 Singapore

Leccinoideae

Zangioideae

Chalciporoideae

4 8

Figsdda b, 7

ate pileus.

Diagnosisi This species can be diagnosed ayelatively small basidiocarp, a yellowish

brown, applanate and slighticky pileus, and a cutit/pe
closestAureoboletuspecies.

pileipellis which distinguish it from the

Basidiomata ranging from very small to smalsize Pileus 2.13.7 cm across, initially convex
to planeconvex, expanding to applanate with age; surface yellelrigivn (5A4 6), tomentose,
slightly sticky when wet; margin decurved, entire; context at cente® @.2m thick, pale yellowish
brown (4A4), nocolor change upon injury. Hymenophore poroid, adnate; pores angular to
subcircular, pale yellow (1A%), no color change upon injury; tubesi@A8 cm deep, pale yellow
(1A5), no color change upon injunbtipe 2.42.8 x 0.40.8 cm, midpositioned, subcylindric,
consolidated, becoming hollow when old; surface whitish (3A1) tinged with pale browri §3B5
smooth, slightly sticky when wet; context white (2A1), no color change upon injury. Basal mycelium

whitish (1A1). Odor unremarkable.
Basidiosporesd(/3/2] 919.8911x414.95(i 5.5

e mLlL822(12.25, Qm =2.02+ 0.11,

smooth,elongateto cylindric, wall thickness 0.680 . 8 yellowjsh-brown. Basidia26i 37 x 9i 13
€ m,-spatedsubclavate to clavate, wall thickness approximately 0.5y@fgwish to achromatic

sterigmata2i 5 € m Cheilocystidia35/ 72 x 10i16 € m,

subf usi f wall nhicknasu me r o

approximately 0.5 pmachromati¢c without incrustationsPleurocystidia40i 70 x 13117 € m,

subfusiform, numerous, wall thickness approximately
Hymenophoral trama consists of hyphdiel6 € m w

0.5 aochyomatic without incrustations.
iwdllethickness approximately 1 pym

3508



achromatic Pileipellis acutistype, 2000350e m t hi ¢ k , C 0 18idl6 esmh swiod e ,h ywd
thickness 0.61 ¢ ymllowish to achromatic, witlkeylindric apical cellsS37167 x 6111 m. Pil ea
trama consists ofall thickness 0.61 €3i20e m wi d e, adhrprpalicstepitipellis 175 480
em thick, co3nl2a mtwi dbd, hwalida &, achranatic,evitsibeglindbe
to cylindric apical cells33i72 x 3i8 € m. Stipe tr ama4it8emuideswabk of
thickness 0.61  gymllow. Clamp connections not observed in any tissue.

Known distributioni Hainan Provincef China
Materials examined China, Hainan ProvinceLedong Li Autonomous Countyianfengling of
Hainan Tropical Rainforest National Park, 850efev, on soil in Fagaceaelominated forests
solitary, 5 July 2012, N.K. Zeng1064 (FHMU715Qiongzhong Li and Miao Autonomo@ounty,
Limushanof Hainan Tropical Rainforest National Pa@§0m elev, on soilin Fagaceaelominated
forests scattered 14 July 2023, N.K. ZengZ601(FHMU9189, holotypg

Notes i Aureoboletus applanatus shares morphological similarities witlfChinese
A. duplicatoporus(M. Zang) G. Wu & Zhu L. YangA. guangdongensi®.K. Zenget al., and
A. nanlingensidMing Zhanget al. HoweverA. duplicatoporuswith type localityin Yunnan has a
glabrous reddishbrownand larger pileus, sunflower yellowhymenophorga longer andeddish
orangestipe,sufusiformand longebasidiosporesi 14 x 4i 6 ¢ mpleurc and cheilocystidi@oated
with a thin layer € 1 ¢ rhof material, andan ixotrichodermtype pileipellis (Zang1992, Wu etal.
2016); A. guangdongensjswith type localityin Guangdonghas areddishviolet to reddiskrown
pileus, a longer anpastel reddistviolet stipe, and smallgpleurc and cheilocystidigZhang et al.
2022); A. nanlingensiswith type localityin Guangdonghas agrayishyellow to browniskhorange
pileus, a longeandpale yellowstipe, ancellipsoidal to broadly ellipsoidandrelatively smaller
basidiosporesiB.5x% 4.5'5¢ n{Liu et al. 2024).

In China,A. applanatuswvas incorrectly identified a&. solusMing Zhang & T.H. Li a species
with type localityin Guangdong of ChinéXue et al. 2023); howevethe latter species possesses a
brownishyellow to brownishred pileus, a pale orange to paleed stipe, and #@richodermtype
pileipellis (Zhang et al. 2019). ¥logenetically A. applanatusexhibits close affinity withA.
canceriformis A. exiguisquamatys A. magniporus and A. solus (Fig. 2) However,
A. canceriformishasagreyishyellow stipe and relatively larger basidiosporéd®5x 4i 6 £ n(see
below); A. exiguisquamatusasa stipeadornedwith small and palé&rownsquamulesvhenmature
and a pileipellis ranging from an intricate trichoderm to a subcutisee below);
A. magniporushasa pale reddistbrownto reddishbrown pileus andelatively largerand sparser
pores (see below); the morphological differences betweesolusand A. applanatushave been
discussed above.

AureoboletusatrotomentosudN.K. Zeng, H.Z. Qin & Zhi Q. Liang, sp. nov Figs4cid, 8

MycoBank MB 860290 FacesoffungiFoF19068

Etymologyi Latin flatrotomentosussignifiesthe blackandfloccoseto tomentosesquamules
covering the pileus

Diagnosis This species can be diagnosedpynkish-purple pileus, surfacgenselyadorned
with black andfloccoseto tomentosesquamulesa hymenophordurning pale reddisfbrown upon
injury, cystidia coated with a layer of achromatic material, andutistype pileipellis, which
distinguish it from the closegtureoboletuspecies.

Basidiomatasmallin size Pileus3i 4.6cm across, plaroonvexto applanate; surfagankish
purple(11B2i 3) to flesh pink (10AZ2i 3), pale green (26B4) in the center, alehselyadorned with
black (14F1)yviolet-black (15FLi 2) to pale pink(13A2i B2), andfloccoseto tomentosesquamules
dry; margindecurvedwhen youngbecominguplift in age,entire; context at centé.8 1 cm thick,
white (1A1l) to yellowishwhite (3A2), no color change upon injurfiymenophore poroid, adnate;
pores anguladjght yellow (1A7) to pale yellowishgreen (3@3i 5), changingpale reddiskbrown
(7C2 3) upon injury; tube®.2' 0.3 cm deep paleyellow (LA6i 7), changingpale reddistbrown
(7C2 3) upon injury.Stipe 3i 3.5 x 0.4i 1 cm, midpositioned, subcylindric, consolidated; surface
pale bluishgreen(25B5 6), pale yellow (2B6) near the pileus, adormneith violet-black (15F2),
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scatteredand floccosesquamulesdry; context white {Al), no color change upon injuryBasal
mycelium whitish (1A1)Odor unremarkable

K 98: Fujian, SE China
NK. ( Fullan. SE China
LK. Z 17 Fujian, SE China
nn eng8017 ( LS8 Chind

Aureoboletus sinobadius GDGM44730 China
N.K. (F Fi SE China
N.K. Zeng’ eastern China

1932 Gua southern China
U9246) Fujian, SE China
Aureoboletus sinobadius N-K. Zeng7783 (FHMU9239) Zhejiang, eastern Glha

ing, eastern Chi
Awlobdmnxlnobadvsu (FNMU!""HHIM(LMMCHM

Aureoboletus cf. h‘pm
Aureoboletus venustus NK. 3|00-| (FWMH 197) Hainan, southern China
100/1] Aureoboletus venustus KUN-HKAS77700 Guangdong, southern China 2 holotype
s venustus S. Jiang256 (FNWQ77SI Hainan, southern Chin;
Aureoboletus cf. venustus ZhangM
Aureoboletus eus NK. z«msn (FM‘DES)HJM southern China
raeus N.K. Zeng3489 (FHMU3144) Hainan, southern China holotype
Aureoboletus erythraeus N.K. ng?:!‘ (FHMU3145) Hainan, southern China
. GDGM42800

uthern China
~. ; Aureoboletus gentilis ADKA865 Thailand
Aureoboletus gentilis MG372a Italy
Aureoboletus gmrlm Pug1 Germany
1
us of. au s GDGM44404 USA

Aureobolett
Aureoboletus auriporus BDCR0431 Costa
Aureoboletus auriporus MAN020 Costa Rica
MEXU-HO

35/97 USA

Aureoboletus readii MEXU-HO 30443 Mexico
Aureoboletus pseudoat s JAB320
o 100/ Aureoboletus pseudoauriporus Farids01
JABSO
L DD972USA

t Roreoboletus fupicoroporus NK. 2eng7805 (PHMUS199) hafan, eastern China
Aureoboletus duplkn(opolm m Jlangxi, eastern China
10071 Vlmmn. SW China

i Hainan, southern China
100/1 NK.ngJooL ) n, southern China
8an zangii KUN- Yunnan, SW China

Aureoboletus nmgliGDGM’ISlI China
»n toont Aureoboletus zangii KU 7 Shanxi, northern China holotype
Aureoboletus zangii KUN-H(AS'MH! Yunnan, SW China

_O_OL‘{ spil mwmm

5p western China holotype
Aureoboletus sp. KUN-HKAS53458 China
Aureoboletus s GDGMA44441 Hunan, central China holotype

H entral China "
S formosus N.X. Zeng7706 (FHMU9203) Zhejiang, eastern China | Lineage 1 A. formosus
Aureoboletus formosus N.K. Zeng7669 (FHMU9201) Zhejiang, eastern China

Aureoboletus formosus N.K. Zeng7691 (FHMU9202) Zh!‘xlnqb:lllnm China
ina

100/1

s Sp.
Aureoboletus sp. GDGM70474 Chél::.

100/1,

" i Zhejiang, eastern China

. Zhejiang, eastern China
91/0.99 Aunobokl us sp. GDGM
Aureoboletus tenuis N-K. Zmlm (FHMU850) Fujian, SE China
70/— 1) Fujian, SE China
Aamumxma:uzmgsmlmuuuzs) Fuﬁm China
Aureoboletus NK. MI (FHMU9248) Zhejiang, eastern China
Aureoboletus tenuis JXSB1775

Aureoboletus tenuis N.K. Zeng7663 (FNMU!)‘" Fujian, SE China
GDGM44831 China

— 740 Aureoboletus sp.
southern China holotype

reoboletus tenuis KUN-HKAS75104 China
tus DGM44469
ureoboletus sp. 70 China

Hunan, central China
Nuun central China
ng, eastern China

1 m“ Aureoboletus microcarpus N.X. Zunz«&i (mm;nz) Hainan, southern

Lineage 2 A. glutinosus

(FHMUA4695) Hainan, wmhm China

NK. southern China holotype
‘Aambokmsmmm Goemamgm
Ina

1001 |
1

hina
mpoun W.H. SW China holotype
Yunnan, SW China
Aureoboletus m«uw S.D, Yang176 mmussw Yunnan, SW China

viscidipes GDGM44820
Aureoboletus viscidipes GDGM“I!! China
103 Jlangxi, eastern China
an longicollis N.K. Zeng3136 ( Hainan, southern China
a— Aunabdmn longicollis GDGM53336 China

won}.

longicollis KUN-HKASS3398 Hunan, central China
‘'unnan, SW China
N.K. (FHMU2249) Fujian, SE China
LWF8 ( Zhejiang, eastern China
Guangdong, southern China

reoboletus longicollis KUN-
“Aureoboletus liquidus” TNS 52267 Japan — Cioa
N.K.Zeng7788 (} 205) Zhejiang, eastern
“Aureoboletus liquidus™ TNSF 52265 Japan
89/1 Aum‘ﬂlll liquidus™ TNS:F-39710 Japan
N.K. Zeng7969 (FHMU9206) Fujian, SE China
Aumbolmn longicollis 15562 Viet Nam
95/1, Aureoboletus roxanae DS626-7 USA
Aureoboletus roxanae CFMR BOS-698
Ob: #283413 Canada

100/0.99 — Aureoboletus guangdongensis N.X. Zeng1310 (F';!uﬂllml Fujian, SE China

9 K. Zeng4083 (FHMU3797) southern China holotype
p. China
99/1 KUN. Yunnan, SW China holotype
— Yunnan, SW China
81/—, Aureoboletus 154411

Aureoboletus vell s GDGM52409 Jlangx|, eas!
Aureoboletus ve unpn N.K. Zeng8182 mmwsu Fujian, SE China 3
ipe 13 southern China holotype | Lineage 3 A. velutipes
100/1 tipes uthern China
mc‘ocmnw Mmgdwm«ype l Li 4A. li i
thm neage 4 A. nanlingensis
Aureoboletus nar sis N.K. Zeng8293 (FHMU9218) Fujian, SE China 9 .4
Aureoboletus sp. L.P. Tang2077 (mnussas} Vumlmswm
‘'unnan, SW China
N/—, m
s 10001 Zhejiang, eastern China
on 95/ s lm SE China Lineage 5 A. yunnanensis
100/1 Aureoboletus yunnanensis N.K.Znngtz! (FNMUNZ) Fuelcn. M“
100/1, Ibipes N.K. hr\g3276 (FHMU2237) Fujian, SE China
L Aureoboletus albipes N.X. Zeng3267 (FHMU2228) Fujian, SE China
91/— Aureoboletus macrocarpus N.X. Zeng7895 (FHMU9209) Zhejiang, eastern China
83N Aureoboletus macrocarpus N.K. Zeng7893 (FHMU9207) Zhejiang, eastern China
Aureoboletus macrocarpus N.K. Zeng7896 (FHMU9210) Zhejiang, eastern China
86/1 Aureoboletus macrocarpus N.X. Zeng8014 (FHMU9213) Fujian, SE China Lineage 6 A. macrocarpus sp. nov.
100/1 | Aureoboletus macrocarpus N.X. Zeng7894 (FHMU9208) Zhejiang, eastern China
Aureoboletus macrocarpus N.K. Zeng7989 (FHMU9211) Fujian, SE China holotype
Aureoboletus macrocarpus N.K. Zeng8002 (FHMU9212) Fujian, SE China
9.02 10071 nsmnws':' Wi
L Aureoboletus citriniporus JLF6091 U

Figure 27 RAXML phylogram ofAureoboletusased or28S, TEFL andRPR2. Branch supports

(BS O 70%, PP .RewBeq@hbces incoldE reptesenautheastern, SWepresent
southwestern
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Aureoboletus raphanaceus N.K. Zeng8145 (FHMU9234) Fujian, SE China
Aureoboletus raphanaceus N.K. Zeng7949 (FHMU9232) Fujian, SE China
Aureoboletus raphanaceus N.K. Zeng8201 (FHMU9236) Fujian, SE China
Aureoboletus raphanaceus N.K. Zeng8123 (FHMUQ!!S) Fujian, SE China

K. Zeng8220 7) Fujian, SE China
Aureoboletus raphanaceus N.K. Zeng7924 (FHMU9230) Fujian, SE China
Aureoboletus raphanaceus N.K. Zeng2007 (FHMU3597) Hainan, southern China
Aureoboletus raphanaceus N.K. Zeng7944 (FHMU9231) Fujian, SE China
Aureoboletus raphanaceus GDGM45911 Jiangxi, eastern China holotype
Aureoboletus raphanaceus N.K. Zangszﬂ (FHMU9238) Fujlan SE China

N.K. Z: Fujian, SE China

Aureoboletus raphanaceus S.D. Vangzl'l (FHMUSSIG) Yunnan SW China
Aureoboletus raphanaceus GDGM52543 Chin:
Aureoboletus raphanaceus GDGM52266 )langxl eastern China
Aureoboletusmphann(eusN K. Zeng780§ (FHMU9229) Zhejiang, eastern China
100/1 g (FHMU4919) Hainan, southern China .
99/1 1 Aureoboletus atrotomentosus N K.Zeng1807 (FHMU1145) Hainan, southern China holorype] Lineage 7 A. atrotomentosus sp. nov.
Aureoboletus rubellus KUN-HKAS105266 Jiangxi, eastern China

93/0.95 Aureoboletus rubellus KUN-HKAS105265 Jiangxi, eastern China holotype
Aureoboletus rubellus N.K. Zengd592 (FHMU4877) Hainan, southern China

92/1

Aureoboletus rubellus FYQ002 (FHMU4453) Hainan, southern China

Lineage 8 A. pallidorubellus sp. nov.

rubellus” 5236 ina
100|: Aureoboletus pallidorubellus N.K. Zeng7869 (FHMU9222) Zhejiang, eastern China holotype
“Aureoboletus rubellus” GDGM52382 China
82/— olus GDGM70342 southern China
99/1 Aureoboletus solus GDGM44759 Guangdong, southern China holotype
—  9an Aureoboletus magniporus N.K. Zeng8214 (FHMU9215) Fujian, SE China A ”
100/1 Aureoboletus magniporus N.K. Zeng8212 (FHMU9214) Fujlan SE China holotype | Lmeage 9 A. magniporus sp. nov.

100/1 841, Aureobol ' N.K. Zeng4146—1 (FHMU4377) Guangdong, southern China : 5o s
| aureoboletus exiguisquamatus N.K. Zeng7910 (FHMU9198) Zhejiang, eastern China holotypel Lineage 11 A. exiguisquamatus sp. nov.
100/1, Aureoboletus applanatus N.K. Zeng7601 (FHMU9189) Hainan, southern China holotype
Aureoboletus applanatus N.K. Zeng1064 (FHMU715) Hainan, southern China | Lineage 12 A. applanatus sp. nov.
100/0.98, Aureoboletus nephrosporus KUN-HKAS67931 Yunnan, SW China

10011 Aureoboletus nephrosporus DC 16-29 India
100/1 Aureoboletus nephrosporus KUN-HKAS74929 Yunnan, SW China holotype
100/1 eng4954 (FHMU5542) Hainan, southern China holmypel Lineage 13 A. hainanensis sp.nov.

IAureoboIems hainanensis N K Zeng4203 (FHMU6976) Hainan, southern China
96/1 — Aureoboletus innixus MB03-104 USA
1001 ——* innixus CFMR:BOS-544 USA
L_ Aureoboletus innixus 136/98 USA

100/1

Chi
Aureobolelus mlniatoauranriatui N K Zengs193 (FHMU9217) Fujian, SE China
southern China
G Jiangxi, eastern China
Aureoboletus miniatoaurantiacus N.K. Zeng7838 (FHMU9216) Zhejiang, eastern China

Aureoboletus miniatoaurantiacus KUN-HKAS59694 Yunnan, SW China
kii MEXU-HO 30448 Mexico holotype
90/1 100/1 100/1 , Aureoboletus garciae MEXU 29006 Mexico holotype
Aureoboletus garciae MEXU 30133 Mexico
100/1 CFMR BOS-699 USA
1= Aureoboletus auriflammeus DD973 USA
Aureoboletus conicus N.K. Zeng7975 (FHMU9194) Fujian, SE China
Aureoboletus conicus N.K. Zeng8012 (FHMU9197) Fujian, SE China
Aureoboletus conicus N.K. Zeng7982 (FHMU9196) Fujian, SE China
Aureoboletus conicus N.K. Zeng7964 (FHMU9193) Fujian, SE China
Aureoboletus conicus N.K. Zeng7962 (FHMU9192) Fujian, SE China
boletus conicus N.K. Zeng4276 (FHMU4730) Hainan, southern China holotype
| Aureoboletus conicus N.K. Zeng7980 (FHMU91 95) Fujian, SE China
100/1, minimus GDGM44401 Vietnal
{2 Rureoboletus minimus GDGMA4400 Vietnam holotype
100/1, “Aureoboletus pseudorussellii” KEF12827 Zhejiang, eastern China
“MF

100/1

“Aureoboletus pseudorussellii” KEF12828 Zhejiang, eastern China
N.K. Zeng7856 (FHMU7701) Zhejiang, eastern China

10071 Aureoboletus wusangongii N.K. Zeng7864 (FHMU7702) Zhejiang, eastern China holotype
88/ russellu BD391 USA
10011, N.K. Zeng7920 (FHMU9228) Zhejiang, eastern China holotype | |ineage 14 A. phaeosquamus sp.nov.

{ Aureoboletus phaeosquamus N.K. Zeng7915 (FHMU9227) Zhejiang, eastern China
Aureoboletus mirabilis REH8717 USA
Aureoboletus mirabilis CBS-136.60 Germany
Aureoboletus mirabilis REH9765 USA
Aureoboletus mirabilis KUN-KUN-HKAS57776 Yunnan, SW China
Aureoboletus projectellus NYBG13393 USA
100/1 | Aureoboletus projectelius Sn2Hor USA
Aureoboletus projectellus MB-03-118 USA
100/1  Aureoboletus urceopileus N.K. Zeng7961-1 (FHMU9253) Fujian, SE China
1 Aureoboletus urceopileus N.K. Zeng7961 (FHMU9252) Fujian, SE China holotype
100/1 — Aureoboletus shichianus KUN-KUN-HKAS76852 China
KUN-HKAS43373 China
Aureoboletus sinocyanescens N.K. Zeng7835 (FHMU9224) Zhejiang, eastern China
Aureoboletus Slno:ynnescens N.K. Zeng8208 (FHMU9226) Fujian, SE China
95/1 99/0.98| Aureoboletus sinocyanescens N.K. Zeng7801 (FHMU9223) Zhejiang, eastern China
100/1[ | Aureoboletus sinocyanescens N.K. Zeng7919 (FHMU9225) Zhejiang, eastern China | Lineage 16 A. sinocyanescens
inoc, HKAS 145620 Yunnan, SW China holotype
70/— Aureoboletus sinocyanescens HKAS 137196 Yunnan, SW China
100/1 Aureoboletus sinocyanescens HKAS 145619 Yunnan, SW China
88/— , Aureoboletus clavatus GDGM42963 Hainan, southern China paratype
85/0.98[" Aureoboletus clavatus GDGM42992 China
94/1 97N Javatus N.K. Zeng (FHMU2885) Hainan, southern China
| B clavatus KUN- 2 Hainan, southern China holotype
84/— Aureoboletus ornatipes N.K. Zeng7860 (FHMU9219) Zhejiang, eastern China
81/—[1 Aureoboletus ornatipes N.K. Zeng7860-1 (FHMU9220) Zhejiang, eastern China
100/1 ornatipes N.K. Zeng7913 (FHMU9221) Zhejiang, eastern China
Aureoboletus ornatipes N.K. Zeng3020 (FHMU1981) Hainan, southern China holotype

100/1 ~ Aureoboletus griseorufescens ZM131 China
b GD southern China holotype
100/1 ¢ aff. KUN-KUN-HKAS58865 China
i KUN-KUN:

951 { P ¥ 2 Yunnan, SW China
sp. N.K. Zeng3180 (FHMU2141) Hainan, southern China Outgroup
0.02

791

100/1

Lineage 15 A. urceopileus sp.nov.

Figure 27 Continued.

Basidiospores40/2/2] 7.518.049 (110) x4.55.26 (i6.5 e m, Q33314217 Qm =
1.55+ 0.09, smooth,ellipsoidto elongatewall thickness 0.61 ¢ yellowish-brown. Basidia27i
38x9i15¢ m,-spatedsubclavate, wall thickness approximately 0.5 pum, yellowssfrellow, with
inflated apex; sterigma#i7e m. Ch e i 28ib8x8isl8¢i nd,i as u b hairmmefroast wall
thickness approximately 0.5 pyellowish, surfacecoatedwith a layer (14 m t lfiachdomatic
material Pleurocystidis9 71x 8 15¢ m, s u b hainaimeroast wall thickness approximately
0.5 um, yellowishto yellow, surfacecoatedwith a layer (16 € m t hofi achkojnaticmaterial
Hymenophoral trama consists byphae2il8 e m wi d e, wa liD . 8 hachoknatie s s O
Pileipellis acutistype 1500280e m t hi c k, c 0 MB1R s ms w wvéllethickngs$ a e
approximately 0.5 ppoccasionally bifurcateachromatic, witttylindric to subcylindric apical cells
37190 x 4i8 € m. Pil eal tramadil@oms wsde, ofwalhilgt p kéang c kr
achromatic Stipitipellis 1300320e m t hi c k, comEll sins wiofle hywalak t
approximately 0.5 pmpale yellow, withsubcylindric apical cell8/ 75 x 4i9 € m. Stipe t|
consists of hyphaelil5 ¢ m wiwdllethickness approximately 1 pngchromatic Clamp
connections not observed in any tissue.

Known distributioni Hainan Provincef China
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Materials examinedi China, Hainan Province Changjiang Li Autonomous County,
Bawanglingof Hainan Tropical Rainforest National Park, 65@lev, on soilin Fagaceaelominated
forests solitary, 5 October2014, N.K. Zend.807 (FHMU1145, holotyp¥ Baisha Li Autonomous
County, Yinggelingof Hainan Tropical Rainforest National Park, 65@l®v, on soilin Fagaceae
dominated forestsolitary, 13 August 2@0, N.K. Zengt666(FHMU4919.

Notesi Morphologically, A. atrotomentosusexhibits similaritieswith A. ayuukii Ayala-
Vasquezet al. andA. miniatoaurantiacugC.S. Bi & Loh) Ming Zhanget al.,both with densly
tomentosesquamulesHowever,A. ayuukii with type localityin Mexico, hasa brownishorange to
cinnamonbrown, and furfuraceouspileus, a context changinigrownishorangeupon injury a
hymenophoreinchangingr changinginnamorto ochraceouspon injury, afurfuraceoustipe and
cystidiawithout incrustationgAyala-Vasquez et al. 2023aChineseA. miniatoaurantiacushas a
larger andorange to reddisbrangepileus, alight orange to orangbymenophoreaio color change
upon injury aorange to reddisbrangestipe,with distinctlongitudinal bander broad reticulations
cystidiawithoutincrustationsand gpileipellis ranging fromtrichodermto ixotrichoderm(Wu et al.
2016, Zhang et al. 2019).

Hemileccinum albocapillare HKAS 145623 Fujian, SE China
O ileccimim albocapillr HKAS 145633 Chomading, SW china

. China
Hemileccinum albocapiilare HKAS 77030 Jiangxi, ea?tern China holotype
Hemileccinum floridanum AB

16 USA
Hemileccinum brevisporum Zenq10353 (FHMU8395) tha:ang, eastern China
Hemil[eccinum bgevis_porum KUN-| KASBQ(’ISO Yunnan,)SVl\:f ina holotype h b
Hemileccinum brevisporum Zeng10350 (FHMU8601) Zhejiang, eastern China | Lineage 1 H. brevisporum
Hemileccinum sp. KUﬂ—HKA559445 Yunnan, SW China ! 9 P
Hemileccinum brevisporum KUN-HKAS67896 Yunnan, SW China
Hemileccinum albidum KUN-HKAS50503 Yunnan, SW China
Hemileccinum albidum KUN-HKAS81120 Yunnan, SW China holotype

Hemileccinum albidum N.K. Zeng10341 (FHMU7995) Zheglang,eastern China
100/1, Hemileccinum lutosum N.K., Zeng7620 (FHMU8142) Hainan, southern China holotype ‘ . I
Hemileccinum lutosum N.K. Zeng7620-1 (FHMU11636) Hainan, southern China Lineage 2 H. lutosum sp. nov.

100/— Hemileccinum indecorum KUN-HKAS 63127 Hainan, southern China
100/1 Hemileccinum indecorum KUN-HKAS 63126 Hainan, southern China
| Hemileccinum indecorum OR0863 Thailand
100/1  Hemileccinum verrucatum N.K. Zeng7731 (FHMU10025) Zhejiang, eastern China holotype
Hemileccinum verrucatum N.K. Zeng7731-1 (FHMU11637) Zhejiang, eastern China

97 Hemileccinum depilatum AF2845 Belgium
n Hemileccinum impolitum ADK4078 Belgium
Hemileccinum parvum N.K. Zeng8003 FHMU7727} Fujian, SE China
Hemileccinum parvum N.K. Zeag7984 FHMU7728) Fujian, SE China

Hemileccinum parvum KUN-HKAS115553 Yunnan, SWhChina holotype

a

100/1

7311

| Lineage 3 H. verrucatum sp. nov.

811
100/1

Hemileccinum parvum KUN-HKAS99764 Yunnan, SW Chin;
"Hemileccinum squamipes” N.K. Zeng2572 (FHMU1679) Hainan, southern China
“Hemileccinum squamipes” N.K. Zeng4586 (FHMU4902) Hainan, southern China holotype
~ Hemileccinum rubropunctum REH 8501 USA
Hemileccinum glutiniceps HKAS 137532 Yunnan, SW China
100/1} Hemileccinum glutiniceps HKAS 145621 Yunnan, SW China holotype
Hemileccinum glutiniceps HKAS 142953 Yunnan, SW China
97/1r Hemileccinum ferrugineipes KUN-HKA593310 Yunnan, SW China
95/1[L Hemileccinum ferrugineipes KUN-HKAS 115554 Yunnan, SW China holotype . f P
Hemileccinum ferrugineipes Huligui0053-2 (FHMU10544) Zhejiang, eastern China Lineage 4 H. ferrugineipes
95/1 Hemileccinum ferrugineipes Huliﬁui0053f1 (FHMU9184) Zhejiang, eastern China
Hemileccinum subglabripes MICH KUQ-07230802 USA
Hemileccinum subglabripes MICH KUO-07070702 USA
Hemileccinum subglabripes Mushroom Observer #294169 USA
Hemileccinum subglabripes MICH KUO-08301402 USA
Hemileccinum pruinatum N.K. Zeng7970 (FHMU7720) Fujian, SE China holotype
Hemileccinum pruinatum N.K. Zeng8022 gFHMUT:’ZB Fujian, SE China
Hemileccinum pruinatum N.K. Zeng8004 (FHMU7724) Fujian, SE China
Hemileccinum pruinatum N.K. Zeng7996 (FHMU7723) Fujian, SE China
Hemileccinum pruinatum N.K. Zeng8021 (FHMU7725) Fujian, SE China
Hemileccinum pruinatum N.K. Zeng7993 (FHMU7722) Fujian, SE China
Hemileccinum pruinatum N.K. Zeng7977 (FHMU7721) Fujian, SE China
Hemileccinum pruinatum KUN-HKAS 53421 Yunnan, SW China
Hemileccinum rugosum KUN-HKAS50284 Yunnan, SW China
10071 Hemileccinum rugosum KUN-HKAS84970 Yunnan, SW China
Hemileccinum rugosum N.K. Zeng3388 (FHMU2966) Hainan, southern China
Hemileccinum riigosum KUN-HKAS84355 Yunnan, SW China holotyge
Hemileccinumduriusculum KUN-HKAS125907 Zhejiang, eastern China holotype
Hemileccinum hortonii MICH KUO-07050706 USA
Hemi!eccir}un;infe];ius BROZ%O Thailan’% JT-48-3 (FHMU10540) Hai thern Chi
lemileccinum brunneoalbum JT-48- ainan, southern China :
Hemileccinum brunneoalbum JIT-48 (FHMU8319) Hainan, southern China holotype Lineage 5 H. brunneoalbum sp. nov.

1 China

92/1 |

96/1

o1/ | 1001

100/0.99_

99/1

U10: ainan, ern China . L
4 H u1054 i "‘ '-_wlul - rorunr pP- nov.
rAemileccinum diutiorunneum J1-43 (FRANIUS853) Halnan, sou T ninano i[ e
Hemileccinum sp. Mushroom Observer #244341 USA
Heimioporus subretisporus KUN-HKAS80581 Yunnan, SW China
08/0.99[ Heimioporus subretisporus KUN-HKAS80582 Yunnan, SW China .
91/ — Heimioporus gaojiaocong N.K. Zeng2790 (FHMU3904) Yunnan, SW China
Heimiogorus gaojiaccong N.K. Zengﬁ?BB (FHMU4425) Yunnan, SW China
100_4,_.” Heimioporas aponcus k- 2eny 1335 (FHIMUSST) Fuian. S China
eimioporus japonic eng ujian, ina
eimioporus japonicus N.K. Zeng ujian, ina
100/— Heimi japonicus NK. Zeng 1320 (FHMU4429) Fujian, SE Chi
if‘li—— Aureoboletus duplicatoporus KUN-HKAS50498 Yunnan, SW China |
Aureoboletus formosus GDGM44441 Hunan, central China Outgroup
0.1

;; {fﬁ?mcus KUN

Figure 37 RAXML phylogram ofHemileccinumbased on 28STEF1, RPBL, and RPB2. Branch
supports (BS O 70 %ew sguendes (h cadBEyepresensoutiseasten, W
represensouthwestern

Phylogenetically A. atrotomentosugxhibits close affinity withA. raphanaceusMing Zhang

& T.H. Li (Fig. 2). However A. raphanaceuswith type localityin Jiangxi ofChina,hasa white to
yellowishwhite pileus, surfaceadorned with greenishgrey to yellowishrgrey squamules a
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yellowish-white stipe withlongitudinal bands and faintly pruinose or tomentaystidia without
incrustationsandanixotrichodermtype pileipellis (Zhang et al. 2019)

Figure 47 Fresh basidiomata &ureoboletuspeciesai b A. applanatuFHMU9189, holotype)
cid A. atrotomentosug§FHMU1145, holotype) e A. canceriformis (FHMU9190, holotype)
f A. exiguisquamatugFHMU9198, holotype) gii A. formosus(g from FHMU9202; hii from
FHMU9203) ji k A. glutinosusFHMU9204) Iim A. hainanensigFHMU5542, holotype)Scale
bars represent 1 cm.
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Figure 57 Fresh basidiomata &fureoboletusspeciesai d A. macrocarpuga from FHMU9207;
b from FHMU9210;c from FHMU9211, holotyped from FHMU9212) eih A. magniporus
(ei f from FHMU9215; gi h from FHMU9214, holotype)iij A. nanlingensigfFHMU9218) kil

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

AureoboletuscanceriformisN.K. Zeng, H.Z. QinW.F. Lin & L.G. Hu, sp. nov Figs4e, 9

MycoBank MB 860291 FacesoffungiFoF19069

Etymologyi L a t canceriformi® signifiesthe similarity in color and shape between the
pileus and a crab shell.

Diagnosisi This species can be diagnosedabselatively small basidiocarp reddishbrown
and subtomentosepileus and a cutistype pileipellis, which distinguish it from the closest
Aureoboletuspecies.

Basidiomatasmall in size Pileus3i 3.9 cm across, plaroonvexto nearly planewith age
surfacereddishbrown(7D7) to pale brown (6B%), subtomentosedry, marginslightly decurvedto
straight, entirecontext0.2 0.4 cm at center,yellowishwhite (6A3), no color change upon injury
Hymenophore poroid, decurremipres angulato subcircular, yellowistwhite (30A3 4) to pale
yellow (1A4), no color change upon injuryubes0.2 0.4 cm deep pale yellow (1A5) no color
change upon injuryStipe 4.5/ 6.5 x 0.51 0.6 cm, cylindric mid-positioned, consolidated; surface
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greyishyellow (2B4 5) smooth, drycontext yellow 2A4), no color change upon injuryBasal
mycelium whitish {A1). Odor unremarkable

Figure 61 Fresh basidiomata éfureoboletuspeciesai c A. phaeosquamuy$i g from FHMU9227;
h from FHMU9228, holotype)di h A. sinocyanescerdi e from FHMU9223;f from FHMU9224;g

from FHMU9225;h from FHMU9226) i1 j A. urceopileugFHMU9252, holotype)ki | A. velutipes
(FHMU9254) mi n A. yunnanensi§FHMU9255) Scale bars represent 1 cm.

Basidiospores 0/3/2] (9i) 9.510.912.5 x 4i5.08 5.5 (i 6) em, 1.8&) 182244
(12.795, Qm =2.15+ 0.18, smooth,wall thickness 0.61 ¢ eatongateto cylindric, paleyellowish
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brown.Basidia21i 38 x 7i 10 ¢ m,-spated,subclavateo cylindric, wall thickness approximately

0.5 pm, yellowish sterigmata2i9 ¢ m Cheilocystidia53i 75 x 10i15 € m, subfnatsi f or
numerous, wall thickness 06 . 8 yeallowjsh to achromatiovithout incrustations. Pleurocystidia

51i74 x 11116 € m, s u b fnat suméraus, mall thickness 0.5 ¢ pale yellow to yellow

without incrustations. Hymenophoral trama consists of hy@idd e m wi d e, wal | t
approximately 0.5 pnmyellowish Pileipellis a cutigype 120i1300e m t hi ¢ k , cod4isi sts
13em wi de, walil ¢phaleyellow to gedow,0withbsudylindric to cylindric apical
cells14i75x 7112€ m. Pil eal t r amB20e onn svii slites aovfaliby pima e k
yellowish to achromatiStipitipellis60i90e m t hi c k, ¢ o3n8xims ws def, Wwaphae¢
0.50 . 8, yellewish to achromatic, witeubcylindric to subclavate apical cell& 57 x 5111 m.

Stipe trama consists of hyphdel8e m wi d e, wal | t hi ckpellosvishtappr o
achromatic Clamp connections not observed in any tissue.

e

Figure 7 1 Microscopic characters ofAureoboletus applanatus (FHMU9189 holotype).
a Basidiosporesb Basidiaand pleurocystidium ¢ Pleurocystidia. d Cheilocystidia. e Pileipellis.
f Stipitipellis. Scale bars represent 10 &m.
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Figure 8 T Microscopic characters oAureoboletusatrotomentosusgFHMU1145 holotype).
aBasidiosporesh Basidia ¢ Pleurocystidia. d Cheilocystidia. e Pileipellis. f Stipitipelfsale bars
represent 10 &m.

Known distributioni Zhejiang Provincef China.

Materials examined China,ZhejiangProvince Qingyuan County, Baishanzu, 1200eahev,
on soil inPinaceae and Fagaceamedforests slitary or scattereq14 August 2023N.K. Zengr904
(FHMU919Q holotypg; same locality and datdl.K. Zeng/904-1 (FHMU9191J).

Notes 1 Aureoboletus canceriformis shares morphological similarities  with
A. duplicatoporus A. minimusMing Zhanget al, and A. readii Ayala-Vasquez.et al. However,
A. duplicatoporus with type localityin Yunnan has a largemearly glabrousand sticky pileus, a
sunflower yellowto maize yellowhymenophorg a reddishorange stipe, shorter pleurc and
cheilocystidiacoatedwith a thin layeiof material, andnixotrichodermtypepileipellis (Zang 1992,
Wu et al. 2016)A. minimus with type localityin Vietnam hasagrayishredpileus, goastel redtipe
and relatively larger basidiosporg3i 16 x 51 6 € nLiu et al. 2024)A. readii, with type localityin
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México, has aargerpileus, agolden yellowhymenophorea pale red stip@ndanixotrichoderm
typepileipellis (Ayala-Vasquez et al. 2023a

Figure 9 T Microscopic characters ofAureoboletuscanceriformis (FHMU919Q holotype).
a Basidiosporesb Basidiaand pleurocystidium ¢ Pleurocystidia. d Cheilocystidia. e Pileipellis.
f Stipitipellis. Scale bars represent 10 &m.

Phylogenetically, A. canceriformis exhibits close affinity with A. applanatus
A. exiguisquamaty®A. magniporus andA. solus(Fig. 2). The differences betweel applanatus
and A. canceriformishave been discussed und&rapplanatus A. exiguisquamatuhasa stipe
adornedwith small and palérownsquamulesrelatively smaller basidiospor8s10 x 415 & mand
a pileipellis ranging froman intricate trichoderm ta subcutis(see below)A. magniporushasa
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darkemreddishbrown pileus, a yellowiskwhite to reddish context, andvgmenophorevith relatively
largerand sparsepores(see below)A. solus with type localityin Guangdonghas abrownish
yellow to greyishred pileusa pale orange to paled stipe, relatively smaller basidiospo8840.5
x 4.5'5¢& mandatrichodermtype pileipellis (Zhang et al. 2019)

Figure 10 T Microscopic characters oAureoboletusexiguisquamatugFHMU9198 holotype).
a Basidiosporesb Basidiaand pleurocystidium ¢ Pleurocystidia. d Cheilocystidia. e Pileipellis.
f Stipitipellis. Scale bars represent 4.

Aureoboletus exiguisquamatud.K. Zeng, H.Z. QinW.F. Lin & L.G. Hu, sp. nov  Figs4f, 10

MycoBank MB 860292 FacesoffungiFoF19070

Etymology1 Latin "exiguisquamatussignifies the presence of dense, minute squamules on
the stipe surface.

Diagnosisi This species can be diagnosedabselatively small basidiocar@a stipeadorned
with small and paldrown squamulesvhen mature and a pleipellis ranging from an intricate
trichoderm to a subcutigvhich distinguish it from the close&ureoboletuspecies.
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Basidiomatavery small in sizePileusl.7i 2.2cm across, plaroonvexto nearly planesurface
yellowish-brown (5A4 5) to pale brown (6B%), subtomentosedry; margin decurved, entirg
context at centef0.1i 0.25 cm thick, yellowishwhite (1A2), no color change upon injury.
Hymenophore poroid, sinuat® slightly decurrent pores angular yellowishwhite (1A2 4),
sometimesturning blush (25A5) upon injury tubes0.21 0.3 cm deep concolorous with pores,
staining similarly Stipe 2.54.3 x 0.2i 0.5 cm, cylindric mid-positioned, consolidated; surface
greyishyellow (2B4 5), adornedwith small and palérown (5C5 6) squamulesvhenmature dry;
context white (2A1), no color change upon injury. Basal mycelium whitisbAY). Odor
unremarkable

Basidiospores40/2/1] 8i9.1110x 4i4.945(i15.5 ¢ m, 1.6/ (12295, Qm =1.85+ 0.12,
smooth elongateslightly thick-walled 0.8 1 ¢ m yellowish-brown.Basidia27i41x 10i 13¢ m,- 4
spored, subclavate to clavate, wall thickness approximately 0.¥yellowish to achromatioyith
inflated apexand granular contents; sterigma®i5 € m Cheilocystidia 39156 x 9113 € m,
subfusiform numerous, wall thickness 05 ¢ ymllowish to achromaticwithout incrustations.
Pleurocystidia37i 55 x 8i13 & m, S u b fnunreerous,omalimhickness 0.5 ¢ ymllowish to
achromati¢ without incrustations. Hymenophoral trama consists of hygha8 ¢ m w iwalle
thickness 0.61  eachromaticPileipellis an intricate trichoderm #subcutis, 451300e m t hi c k ,
consists of hyphaki 10e m w wall thickness approximately 1 pmsually bifurcateachromatic

to pale yellow, with sutylindric to cylindric apical cell25 77 x 5i10e m. Pil eal trama
hyphaedi17¢ m w wall ¢hjckness approximately 1 prachromatic Stipitipellis 225410¢ m
thick, consists of hypha8il4e m wi de, wal I thickness ,@aifhpr oxi

subcylindric to cylindri@pical cell30i 80x5i10e m. St i pe tr am& ltam wii gdtes
wall thickness 0.60 . 8, aehromaticClamp connections not observed in any tissue.

Known distributioni ZhejiangandGuangdongdProvinces of China

Materials examined China, GuangdongProvince RenhuaCounty, DanxiashanNational
Nature Reserve300 melev, on soilin Fagaceaelominated forestsolitary, 27 July 2019, N.K.
Zeng41461 (FHMU3750) ZhejiangProvince Qingyuan CountyBaishanzu, 1200 ralev, on soill
in Pinaceae and Fagaceae mixed forestfitary or scattered 14 August 2023 N.K. Zengr910
(FHMU9198 holotypsg.

Notesi Aureoboletugxiguisquamatushares morphological similarities wigh conicusN.K.
Zenget al.andA. velutipesMing Zhang & T.H. Li However A. conicus with type localityin Hainan
of Ching hasan orangishbrownpileus, surfacadorned with conicandbrown squamules white
stipe surfaceadorned witHight orangishbrown squamulesanda trichoderrype pileipellis (Xue
et al. 2023)A. velutipeswith type localityin Guangdongf China,has aeddishbrownto brownish
orangepileus, surfacadorned with tomentose to fibrillose squamukesontexslightly turningto
pastel redupon injury relatively larger basidiosporef)i 13 x 5i6 € and a trichoderratype
pileipellis (Zhang et al. 2019).

FurthermoreA. exiguisquamatus/as misidentified a#. solusin a previousstudy(Xue et al.
2023). Further investigations revealed notable differences in both phylogeny and morphology
between the two taxdhe latterdiffers based om brownishorangeto brownishyellow pileus,a
glabrous light orange tareddish stipe, and @ichodermtype pileipellis (Zhang et al. 2019)n the
phylogenetic analys, A. exiguisquamatusexhibits close affinity with A. applanatus
A. canceriformis A. magniporus andA. solus(Fig. 2). The differencedetweenA. applanatus
A. canceriformis and A. exiguisquamatushave been discussed undek. applanatus and
A. canceriformis A. magniporushas ayellowishwhite to reddish context, aymenophorewith
relatively largeland sparsegooresa light yellowishbrown to brownish stipe withosjuamulesand
longer basidiospores9i 12 x 4.55.5 ¢ m(see below); the morphological differences between
A. solusandA. exiguisquamatubave been discussed above.

Aureoboletus formosudling Zhang & T.H. Li, Mycol. Progr. 14: 2, 2015 Figs4gii, 11
MycoBank MB 813630 FacesoffungiFoF19071
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Basidiomata ranging fromery small to medium in siz€ileusl.6i 5.7 cm across, conveto
planaconvex; surfaceinkish (6A2) to palesalmon(7A2i 3), smooth,sticky when wet margin
decurved, entirg context at centef.2'0.7 cm thick, white (1A2) to yellowishwhite (5A2),
unchangingor changingo palered (7A2)upon injury. Hymenophore poroidlightly sinuate pores
angularto subcircularyivid yellow (2A7i 8), no color change upon injuryubes0.1i 0.6 cm deep
yellow (2B7 8),no color change upon injur$tipe6.1i 11.5% 1.2 1.8cm, cylindrig mid-positioned,
consolidated; surfaadusty pink(6B4) tograyishyellow (2B5 6), smooth, drycontextwhite (2A1),
no color change upon injury. Basal mycelium whiti$AZ). Odor unremarkable

Figure 11 7 Microscopic characters oAureoboletusformosus(FHMU9203. a Basidiospores
bBasidiacPl| eur ocystidia. d Cheilocystidia. e Pile
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Basidiospores 40/2/2] 11112.814 (115 x 4i14.995.5 (i 6) em, 21343 (3.29,
Qm =2.58+ 0.23, smooth,fusoidto cylindric, wall thickness approximately 1 urpaleyellowish
brown.Basidia29 39x 9i 12e m ,-spated, subclavate sulxylindric, wall thickness approximately
0.5 pm, achromatic,with inflated apex; sterigmatai 6 € m Cheilocystidia38/82 x 12120 € m,
subfusiform, numerous, wall thicknessill5 ¢athromati¢c without incrustationsPleurocystidia
45/74x10i19¢ m, s u b humsrous, wall thickness approximately 1 jachromaticwithout

incrustations. Hymenophoral trama consists hy@#id2e m wi de, of wal |l t hi ck
1 pm,achromaticPileipellis an intricatetrichodermtype, 2800410e m t hi ck, co03isi st's
7¢em wi de, wa lil ¢ulually kiforeaw gello@ish 50 achromatic, withylindric to
subclavate apical cel®6i 70x3i6e m. Pi | eal t r a rBid3ecno nwsiidset,s woafl |h yt
approximately 0.5 pmyellowish to achromaticStipitipellis 250°570e m t hi c k , consi st
ildem wi de, wal | t hi c k n ackrematie, pmihsubcylindnato eylingric 0 . 5

apical cells35/78 x 5i14 ¢ m. Stipe trama 2it8cems i witdse ,ofwahy p ht
approximately 1 pmachromatic Clamp connections not observed in any tissue.

Known distributioni HunanandZhejiangProvinces of China.

Materials examined China,ZhejiangProvince Qingyuan County, Baishanzu, 1200etev,
on soilin Fagaceaelominated forestsolitary, 12 August 2023N.K. Zeng7/669(FHMU9201); same
locality and date N.K. Zeng691 (FHMU9202; same locality and dateN.K. Zeng 706
(FHMU9203.

Notesi The type localityof A. formosuss situated irHunan(Zhang et al. 2015). @ study
documents its additional occurrence 4imejiang The species was redescribeding recently
collected specimenandfeatures apinkish to palesalmonpileus, a contextnchangingr changing
to palered upon injury avivid yellow hymenophorefusoid to cylindric basidiosporgsand an
intricate trichodermtype pleipellis. Additionally, certain morphological differences have been
documented among specimens identified\a®rmosus Notably, collections reported by Zhang et
al. (2015) exhibita grayishruby to pink pileus, surfacedorned withtomentose to fibrillose
squamulesa contexnho color change upon injuryelatively larger basidiospordgd.5 17 x 45E5.5
€ mandan ixotrichoderntype pileipellis.

Aureoboletus glutinosu#ling Zhang & T.H. Li, MycoKeys 61: 122019 Figs4jik, 12
MycoBank MB 827103 FacesoffungiFoF19072
Basidiomatavery small in sizePileusli 1.5 cm across, subhemispheritalconvex; surface
reddishbrown (10C56) to pale reddistbrown (7B5),distinctly wrinkled irregularbump sticky;
margindecurved entire context at cented.2 0.5 cm thick, reddish(7A2), no color change upon
injury. Hymenophore poroidsinuateto slightly decurrerntpores angulato subcircular, yellowish
white (2A2 3), no color change upon injuryubes0.1i 0.3 cm deep pale yellow (1A4),no color
change upon injunystipe2i 3 x 0.2 0.3cm, cylindrig mid-positioned, consolidated; surfageyish
brown (2B3) to pale brown (5B5), smoogiicky when wetcontextwhite (1A1), no color change
upon injury. Basal mycelium whitisiA1). Odor unremarkable
BasidiosporesZ0/1/1] 9.511.312(i113) x 4i4.485¢ m, 2@ 3«13.25, Qm =2.55*
0.32, smooth fusoidto cylindric, wall thickness approximately 1 umaleyellowish-brown.Basidia
24129 x 811 ¢ m, -spated, subclavate sulxylindric, wall thickness approximately 0.5 pm,
yellowish to achromatiayith inflated apexandgranular contents; sterigmd&fa6 € mCheilocystidia
32i52x8i10e m, s u b humsrous, wall thickness approximately 0.5 aehromaticwithout
incrustations. Pleurocystidi&28i47 x 7110 € m, s u b f numarousy rwall, thickness
approximately 0.5 pmachromati¢ without incrustations. Hymenophoral trama consists of hyphae
3I13em wi de, wal | t hi c k ackeremsatic Rilpipelliscaxixotrichddezrhtype, 1 Om
2400400 e m t hi ck, con&lSegtms wofde hy pwlad ¢ thickness
occasionally bifurcatepale yellowto yellow, with sulsylindric to subclavate apal cells25 85 x 4i
8em. Pil eal tramalilsoms iws e, ofa lhilg p kt Bobronkatice s s (
Stipitipellis235485e m t hi c k, coZide mmt &wi d&, hwphhet hi cknes
pum, yellowish to achromatic, witBubcylindric to cylindric apical cel®2i85x3i8e m. St i pe t |
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consists of hypha& 14e m wi de, wa lill ¢ dohramiatic éospale yelloviElamp
connections not observed in any tissue.

Figure 12 7 Microscopic characters ohureoboletusglutinosus(FHMU9204). a Basidiospores
bBasidiacPl| eur ocystidia. d Cheilocystidia. e Pile

Known distributioni Hunan Anhui andZhejiangProvinces of China.
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Material examined China, Zhejiang Province Qingyuan County, Zuoxi Town, Yinjiang
Village, 800 melev, on soil in Pinaceae and Fagaceae mixed fqreslisary, 15 August 2023,
gui0008(FHMU9204).

Notesi The type locality ofA. glutinosusis situated irHunan and has also been reported in
Anhui (Zhang et al. 20190ur study documents its additional occurrencghejiang. The species
was redescribed using recently collected specineaturinga small and glutinous basidioma
adistinctly wrinkled irregularbumpand reddistbrown pileus, a light browto grayishbrown stipe,
and atrichodermtype pleipellis.

AureoboletushainanensisN.K. Zeng, H.Z. Qin & Zhi Q. Liang, sp. nov Figs4lim, 13

MycoBank MB 860293 FacesoffungiFoF19073

Etymologyi L a t haimanénsigis derived from Hainan Provinag Ching the type locality.

Diagnosisi This species can be diagnosedaoelatively small basidiocarp pileusadorned
with furfuraceousand yellowishbrown to pale pinkscales and cystidia coated with a layer of
achromatic materialvhich distinguish it from the closeAtireoboletuspecies

Basidiomatavery small in sizePileus1i 1.3 cm across, convex to plamonvex; surface
yellowishwhite (4A2 3) to pale yellow (3A4)adornedwith furfuraceousand yellowishbrown
(5B5i 6) to pale pink (7AR3) scales slightly sticky when wetmargindecurved, entiregontext at
center0.35 0.5 cm thick, white (1A1)to yellowishwhite (2A2 3), no color change upon injury.
Hymenophore poroid, sinuate; pores angular to subcirdulghtyellow (2A6) to pale yellow (1Bi6
7), no color change upon injury; tub8sli 0.3 cm deep concolorous witlpores,no color change
upon injury. Stipe 1.52.2 x 0.210.5 cm, cylindric mid-positioned, consolidated; surfapale
yellowish-brown (3B4 5), with longitudinally streakedslightly sticky when wetcontext yellowish
white 2A2), no color change upon injury. Basal mycelium whitish (1L&idor unremarkable

Basidiospores0/1/1] 7.5 8.159 x5/ 5.155.5e m, 145 E64(i1.7), Qm =1.58+ 0.06,
smooth.ellipsoidto elongatewall thickness approximately 0.5 pmaleyellowish-brown. Basidia
26135 x 11115 € m, -spated, subclavate, wall thickness approximately 0.5 pum, yellowish, with
inflated apex; sterigmaéi5¢ m. Ch e i 39ib6x0Qicldei nd,i as u b hatrumeroast wall
thickness approximately 0.5 prgellowish, surfacecoatedwith a layer (15 € m pf achromatic
material Pleurocystidie86i 68x 7i 13¢ m, s u b hatnurmefoast wall thickness approximately
0.5 um, paleyellow, surfacecoatedwith a layer (13 € m pf achromatic materiaHymenophoral
trama consists of hyph&19¢ m wi d e ckneasaapptoximately 0.5 pachromaticPileipellis
atrichodermtype, 245400e m t hi ck, <co03i%eins tvei doef, hwaplida & hd mkn
occasionally bifurcatgyellowish, with subcylindricto subclavate apical celg)i66x4i6e m. Pi | e a
trama consists of hypha& 13 € m  w iwadllethickness approximately 0.5 pnachromatic
Stipitipellis140200e m t hi ck, c o3di8sins twd deef, hwad il a gydligwistk ne s s
with subcylindric apical cell80i73x3i7e m. Sti pe tr ama3il8som swisde, owa
thickness approximately 1 pynyellowish to achromaticClamp connections not observed in any
tissue.

Known distributioni Hainan Provincef China

Materials examinedi China, Hainan Province Changjiang Li Autonomous County,
Bawangling of Hainan Tropical Rainforest National Park, 65)aw, on soilin Fagaceaelominated
forests solitary, 31 August 2A9, N.K. Zengt203(FHMU6976; same locality3 September 220,
N.K. Zengl954(FHMU5542, holotypg

Notes 1 Aureoboletus hainanensisshares morphological similarities with. ayuukii
A. minimus andA. solus However,A. ayuukii with type localityin Mexico, hasa brownishorange
to cinnamonbrown pileus, a context changindrownishorange upon injury a hymenophore
changing cinnamon to ochraceousupon injury a furfuraceousstipe and cystidia without
incrustationgAyala-Vasquez et al. 2023aA. minimus with type localityin Vietnam, hasa light
orange to grayished pileus, surfaceadorned with tomentose to fbrillose squamul@scontext
slightly turning greyishred or greyiskpink upon injury, a pastel red to grayistedstipe, larger and
subfusiformbasidiospored 3/ 16 x 5i 6 € mandcystidiawithout incrustations(Liu et al. 2024);
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ChineseA. solushas abrownishredto brownishyellow pileus, apale orange to pale resipe, and
cystidiawithoutincrustationgZhang et al. 2019).

Phylogenetically A. hainanensigxhibits close affinity withA. nephrosporus&. Wu & Zhu L.
Yang (Fig. 2). However, the latter speci@sgth type localityin Yunnanof Ching has a larger,
grayishroseto brownishredpileus, and aark orangdo yellow ochrestipe (Wu et al. 2016).

Figure 13 i Microscopic characters ofAureoboletushainanensis(FHMU5542 holotype).
aBasidiosporedb Basidia c Pleurocystidia. d Cheilocystidia. e Pileipellis. f Stipitipelisale bars
represent 10 &m.

Basidiomataanging fromsmall to largen size. Pileus.8 12 cm acrosssuthemisphericato
plancconvex;surfaceyellowish-brown (5A5 6) to pale brown (6Bi67), smoothsticky when wet;
margindecurved, entirecontext at cented.4i 2.2 cm thick, white (1A1) to/ellowish-white (1A2
3), no color change upon injuridymenophore poroid, sinuate; pores angular to subcirqodée,
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