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Abstract

The Boletaceae is a highly diverse group of organisms with both ecological and edible values.
There are many studies on Boletacea€hma, but the area investigated is generally the region of
sourthwestern and southern China. The knowlezfggoletaceae in northern China is limited. In
this study, we surveyed the species diversity of Boletaceae in Shanxi Province, northern China.
Molecular phylogenetic analyses were performed using a concatenated internal transcribed spacer
of the nuc rDNA (ITS), the large subunit of nuclear ribosomal RNA genss{#), the translation
elongation factor4) g defille and the second largest subuniRNA polymerase Il genefb2)
dataset (totally including 1 140 sequences from 409 collections). Our phylogenetic tree revealed 24
Boletaceae species from our collections, which are distributed in 16 gererd&oletus
Butyriboletus, CaloboletysChalciporus, Cyanoboletus Hemileccinum Hortiboletus Leccinum
Neoboletus Retiboletus Rubroboletus Strobilomyces Suillellus Tylopilus Villoboletus and
XerocomusOf these species, 14 are identified as known species, including three new to China, and
10 ae described and illustrated as new species in this paper. Accordingly, 15 species documented
from Shanxi before this study are briefly discussed.

Keywords i 10 new taxal Basidiomycete§ Boletalesi ectomycorrhizal fungii molecular
analysisi taxonomy

Introduction

Boletaceae Chevall. is one of the most speddsfungal family in basidiomycetes. Many
species of this family form ectomycorrhizal symbioses with trees such as species in Pinaceae and
Fagaceae (Wu et al. 2022), and some species azedtiii commercial trade for their great dietary
and health value such Beletus eduliBull. andB. meiweiniuganjurDentinger (Rivad-erreiro et
al. 2023). They are therefore both ecologically and economically important and have attracted the
attention ofmany mycologists from the early morphological stage to the current molecular stage
(Snell 1941, Chiu 1948, Teng 1963, Smith & Thiers 1971, Corner 1972, Pegler & Young 1981,
Singer 1986, Hgiland 1987, Watling & Li 1999, Li & Song 2000, Binder & BresinSk2 2Dai et
al. 2010, Horak 2011, Feng et al. 2012, Zhang et al. 2012, Gelardi et al. 2014a, b, c, Vizzini 2014a,
b, Zhao et al. 20144, b, Zeng et al. 2014, Orihara et al. 2016, Wu et al. 2016a, b, Zhang & Li 2018,
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Chai et al. 2019, Khmelnitsky et al. 2QHosen & Yang 2021, Li et al. 2021, Fu et al. 2022, Wu et
al. 2022, Mao et al. 2023).

In China, the complex and diverse natural environment has resulted in high species richness
of Boletaceae (Chiu 1948, 1957, Teng 1963, Bi et al. 1990, 1993, 1997, Zan@@01, Li et al.
2011, 2014a, b, Zhang et al. 2012, 2014, Zeng et al. 2014, Wu et al. 2016a, b, Zhang & Li 2018,
Li et al. 2021, Fu et al. 2022, Wang et al. 2022). However, the knowledge of Boletaceae is
significantly insufficient in northern zone wgaring to southwestern, southern and northeastern
China. During the lastix years, we collected a lot of specimens of Boletaceae in Shanxi Province
where there are vegetation types that represent the main forests in northern China. In this study,
four highly informative genetic markers (ITS, nrLSktEfl, rpb2) are used in our molecular
analyses. Morphological features and DidAsed molecular analysis were conducted based on
specimens gathered, and sequences available in the GenBank database. Ourtainh} eegify
the species diversity of BoletacaaeShanxi Province, northern China; 2) describe and illustrate 10
new species found in this province.

Materials & Methods

Sample collections

The collections were obtained and photographed in the frelcsh fShanxi Province, northern
China, from 2017 to 2022; then dried in a fruit drier ai 33C; and deposited at BJTC
(Herbarium Biology Department, Capital Normal University) and HSA (HebariunsShanxi
Institute for Functional Foods, Shanxi Agriculturdhiversity). Macroscopic characters were
recorded from fresh specimens. Standardized color values matching the color of the description
were taken from ColorHexa (http://www.colorhexa.com/). Microscopic characteristics were

observed in sections obtainedfm dry speci mens mounted in 5%
reagent (Dring 1971). The term &6[n/ m/p]d me:
coll ections. Di mensions of basidiigscfdy@&s wher
therangedic 6 represents at | east 90% of the measur

values. 6Q6 refers to the l-engwd/ wiedthsr atoi ¢ h
Q of all basidiospores + standard deviation.

DNA extraction, PCR amplification, sequencing and nucleotide alignment

A small amount of dry basidiomata (207 30 mg
Hz 214 times (Mixer Mi | | MM301, Haan, Ger many
tungsten carbide HaTotal genomic DNA was extracted from the powdered basidiomata using
NuCl ean Pl ant Genomic DNA Kit (CwBI O, Bei ji
instructions. Fragments of four nuclear loci, including nrDNA (IBBS8SITS2 = ITS), nuc nrLSU
subunit (nrLSV), translation elongation factorl te{l), and RNA polymerase |l second largest
subunit (pb2) were amplified and sequenced. The primer pairs of {#/F1S4 for ITS, LROR/LR5
for nrLSU, EF1B-F2/EFXB-R fortefl, and RPB2B-F2/RPB2B-R for rpb2 were used to amplify
and sequence the above loci (Vilgalys & Hester 1990, Wu et al. 2014). PCR reactions procedures
and sequencing for these loci followed the protocols described by Wu et al. (2014) and Feng et al.
(2012). The PCR products were sent tgjiBg Zhongkexilin Biotechnology Co. Ltd. (Beijing,
China) for purifying, sequencing, and editing. Accession numbers of new and downloaded
sequences stored in the NCBI database are provided in Supplementary Table 1.

Phylogenetic analyses

For this study, ambined matrix of ITSrLSU-tefl-rpb2 was compiled to identify the species
and to investigate their phylogenetic position in the Boletacgaéus aff. luteusand Suillus aff.
granulatuswere selected as outgroups based on a previous study (Wu et4l. P4 sequences
of the four loci (ITS, nrLSUtefl, rpb2) were aligned in the online version of MAFFT 7.110 using
default parameters (Katoh & Standley 2013) and manually edited in BioEdit v.7.0.9 (Hall 1999).
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Suillellus flaviporus HKAS 126554 China
Pulveroboletus Group 99/0.99{ Suillellus flaviporus HKAS 123826 China

Suillellus flaviporus HKAS 126555 China
*/0.99 Suillellus pinophilus HKAS 126550 China
Suillellus comptus AMB 12639 Italy
/1 — Suillellus comptus 17827 Italy

Suillellus olivaceus BJTC FM1755 holotype China
00/1| Suillellus olivaceus BJTC FM1765 China Su. olivaceus
Suillellus olivaceus BJTC FM2411 China
Suillellus luridus AMB 12636 Italy

3/1 Suillellus luridus AMB 12638 Italy
Suillellus subamygdalinus BJTC FM2576 China
Suillellus subamygdalinus HKAS57953 China
75/1 87/ Suillellus subamygdalinus HKAS57262 China ~ Su. subamygdalinus|  Suillellus
Suillellus subamygdalinus HKAS53641 China
V1L Suillellus subamygdalinus HKAS74745 China
Suillellus lacrymibasidiatus HMJAU60203 China
99—/]{ Suillellus lacrymibasidiatus HMJAU60202 China

Suillellus yunnanensis BYTC FM1814 China
98/1| Suillellus yunnanensis BYTC FM1064 China
97/1|! Suillellus yunnanensis BJTC FM2334 China Su. yunnanensis
931 Suillellus yunnanensis HKAS 126549 China
9/ | Suillellus yunnanensis HKAS 126548 China
ols/1|| - Suillellus mendax AMB 12634 Italy

9g | Suillellus mendax AMB 12633 Italy
L Suillellus amygdalinus 112605ba USA
Caloboletus taienus GDGM44081 China
100/1} Caloboletus xiangtoushanensis GDGM44833 China
Caloboletus xiangtoushanensis GDGM45160 China
Caloboletus polygonius K(M)60247 Greece
Caloboletus panniformis HKAS57410 China
Caloboletus griseoflavus BJTC FM2221 China
IQQ4 Caloboletus griseoflavus BJTC FM699 China C. griseoflavus
Caloboletus griseoflavus BJTC FM2438 holotype China
100/1— Caloboletus inedulis MB06-044 USA
{E(Jal()boletus inedulis HKAS80478 USA
3/1 Caloboletus radicans HKAS80856 France Caloboletus
100/1 | Caloboletus yunnanensis HKAS69214 China
4';—‘ Caloboletus yunnanensis HKAS58694 China
Caloboletus panniformis HKAS77530 China
100/1— Caloboletus calopus BR5020159063805 Belgium
0o/ Caloboletus calopus Bcl Germany
100/1 Caloboletus guanyui FHMU 2019 China
Caloboletus guanyui FHMU 2040 China
D5/0.97 Caloboletus firmus MB06-060 USA
LO_QLLL Caloboletus firmus NY00796115 Belize

Rubroboletus reticulatus BJTC FM1784 holotype China
100/1 ) Rubroboletus reticulatus BYTC FM1812 China Riu reticulatus
Rubroboletus reticulatus BJTC FM1077 China
85/1 Rubroboletus dupainii JAM0607 USA
Rubroboletus flammeus FHMU6927 China
Rubroboletus latisporus HKAS 63517 China
100/1 Rubroboletus latisporus HKAS80358 China
Rubroboletus esculentus K.Zhao893 China
100/1 Rubroboletus esculentus Hui M.Shao-F1 China
Rubroboletus rhodoxanthus HKAS84879 Germany
1 Rubroboletus legaliae PRM 921886 Slovakia Rubroboletus
Rubroboletus legaliae MB-000295 Germany
Rubroboletus sinicus HKAS56304 China

O

o
—~
—

94/(.99

11 Rubroboletus flavus HKAS 126558 China
Rubroboletus flavus HKAS 90906 China

100/ 1~ Rubroboletus serpentiformis HKAS 126547 China
Rubroboletus serpentiformis HKAS 126557 China

Figure 17 Phylogenetic tree generateardn a maximum likelihood analysis based on combined
ITS-nrLSU-tefl-rpb2 sequences, showing the phylogenetic relationships of Boletaceae. Numbers
representing |ikelihood bootstrap support ( ML
probability BPPO 0. 95, right) are indicated above the
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100/1 | Crocinoboletus rufoaureus FHMU1975 China
ﬂ‘inoboletus rufoaureus HKAS53424 China
Crocinoboletus laetissimus FHMU2030 China
Pulveroboletus Grou p Neoboletus hainanensis HKAS90209 China
100/1 I— Neoboletus hainanensis HKAS59469 China
95/1 Neoboletus hainanensis HKAS63515 China
100/11 Neoboletus ferrugineus HKAS77617 China
[ Neoboletus ferrugineus HKAS77718 China
Neoboletus multipunctatus FHMU 2808 China
Neoboletus multipunctatus FHMU 1620 China
Neoboletus brunneissimus HKAS52660 China
70/p.96 Neoboletus tomentulosus FHMU 841 China
Neoboletus tomentulosus FHMU 842 China
100/1r Neoboletus flavidus HKAS58724 China
4[ Neoboletus flavidus HKAS59443 China
100/1 Neoboletus magnificus HKAS74939 China
[ Neoboletus magnificus HKAS54096 China
Neoboletus obscureumbrinus FHMU 2052 China
100/1 } Neoboletus obscureumbrinus FHMU 2059 China
' Neoboletus obscureumbrinus FAMU 2055 China Neoboteiys
L—— Neoboletus thibetanus HKAS57093 China
Neoboletus cinnamomeus BJTC FM1055 holotype China N. cinnamomeus
Neoboletus sanguineoides HK AS80823 China
100/1)l Neoboletus sanguineoides HKAS57766 China
Neoboletus sanguineoides HKAS55440 China
*10.99 100/11 Neoboletus brunneorubrocarpus HKAS 126559 China
Neoboletus brunneorubrocarpus HKAS 76660 China
Neoboletus rubriporus HKAS83026 China
Neoboletus rubriporus HKAS90210 China
Neoboletus rubriporus HKAS89174 China
Neoboletus luridiformis AT2001087 England
|| 100/1 Neoboletus venenatus HKAS63535 China
o1 Neoboletus venenatus HKAS57489 China
Neoboletus sanguineus HKAS80849 China
100/1r~ Neoboletus sanguineus HKAS90211 China
Neoboletus sanguineus HKAS68587 China
Butyriboletus parachinarensis BJTC FM2769 China
Butyriboletus parachinarensis BITC FM2770 China
Butyriboletus parachinarensis PC-43 Pakistan
Butyriboletus parachinarensis HKAS55413 China
100/1 Butyriboletus sanicibus Arora99211 China
Butyriboletus fechtneri AT2003097
Butyriboletus sinoregius BJTC FM1103 China
99/1{! Butyriboletus sinoregius BITC FM755 China Bu. sinoregius
Butyriboletus sinoregius BJTC FM1240 China
Butyriboletus regius MG408a
Butyriboletus regius KUN-HKAS 84878 Germany Butyriboletus
Butyriboletus brunneus NY00013631 USA
100/1F Butyriboletus subappendiculatus MB000260 Germany

95/%

Bu. parachinarensis

Butyriboletus subappendiculatus Wu 18328 Austria
0/1 Butyriboletus brunneoides BJTC FM1816 China
Butyriboletus brunneoides BJTC FM688 China
Butyriboletus yicibus HKAS57503 China
_I-\E Butyriboletus yicibus HKAS63528 China
T0/1L Butyriboletus yicibus HK AS68010 China

Bu. brunneoides

Figure 17 Continued.
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Leccinoideae

Figure 17 Continued.

100/

100/1, Cvanoboletus sp. HKAS90208-2 China
Cyanoboletus sp. HKAS90208-1 China
1[l0/1, Cyanoboletus flavocontextus BJTC FM2319-A holotype China
Cyanoboletus flavocontextus BJTC FM2319-B China Cy. flavocontextus
7/1; Cvanoboletus sp. HKAS59418 China
Cyanoboletus sp. HKAS52639 China
Cyanoboletus sinopulverulentus HKAS59609 China
Cyanoboletus hymenoglutinosus DC14-010 India
99/0.96; Cyanoboletus cyaneitinctus JAB_325
Cyanoboletus cyaneitinctus JAB_324
10071 Cyanoboletus pulverulentus MICH:KU0-09220408 USA
Cyanoboletus pulverulentus 9606 USA
Cyanoboletus pulverulentus MG126a Italy
100/1' Cyanoboletus pulverulentus MG 628a Italy
Cyanoboletus brunneoruber HKAS 80579-1 China
1L Cyanoboletus brunneoruber HKAS 63504 China
Cyanoboletus instabilis FHMU1839 China
Cyanoboletus fagaceophilus HKAS 123872 China
100/1{ Cyanoboletus fagaceophilus HKAS 126556 China
Cyanoboletus fagaceophilus HKAS 80691 China
Cyanoboletus instabilis HKAS59554 China
00/1 Cvanoboletus bessettei ARB 1393B USA
Cyanoboletus bessettei ARB 1393A USA
Cyanoboletus sp. HKAS76850 China
99/1 Lanmaoa asiatica HKAS63516 China

E Lanmaoa pseudosensibilis DS615-07 USA
96/1 Lanmaoa angustispora HKAS74759 China

100/1

Leccinum monticola NY-00815448 Costa Rica
100/1] Leccinum monticola NY-760388 Costa Rica
Leccinum monticola NY-760388 Costa Rica
Leccinum manzanitae NY-14041 USA
Leccinum aurantiacum L-0342207 France
Leccinum quercinum KUN-HKAS63502 China

100211 L eccinum of. aurantiacum BITC FM2191 China

Leccinum versipelle KUN-HKAS99380 China

Leccinum cerinum MK 11800 Finland

100/1; Leccinum pallidocastaneum KUN-HKAS52538 China
Leccinum pallidocastaneum KUN-HKAS52553 China
Leccinum duriusculum KUN-HKAS101160 Uzbekistan
85/1 Leccinum duriusculum GL4676 France

Leccinum cf. scabrum BJTC FM817 China

Leccinum cf. scabrum BJTC FM1923 China

Leccinum cf. scabrum BJTC FM2336 China

1001 eccinum melaneum KUN-HKAS57220 China b eelancas
x Leccinum scabrum KUN-HKAS56371 China

Leccinum holopus KUN-HKAS111906 Austria

10071t Leccinum holopus MICH:KUO09150707 USA

Leccinum palustre MK11107 Germany

88 Leccinum schistophilum KUN-HKAS98024 China

Leccinum phaeocarpum KUN-HKAS93967 China
m[ Leccinum phaeocarpum KUN-HKAS115851 China
Leccinum pseudoborneense KUN-HKAS110157 China
100/1[1 Leccinum pseudoborneense KUN-HKAS110156 China
Leccinum pseudoborneense KUN-HKAS110158 China
Leccinum schistophilum VDKO1128 Belgium
Leccinum album KUN-HKAS53417 China
10071 Leccinum album KUN-HKAS53417 China
Leccinum subradicatum KPM-NC-24518 Japan

Leccinum parascabrum KUN-HKAS59447 China

100/1
{ Leccinum parascabrum KUN-HKAS99903 China

Leccinum cf. aurantiacum BJTC FM2419 China [ of. qurantiacum

[97/0.98| Leccinum cf. scabrum BYTC FM1462 China L. of. scabrum/.

Cyanoboletus

Leccinum
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Leccinoideae

100/1 Turmalinea chrysocarpa HKAS70601 China
100/1 Turmalinea persicina KPM-NC-0018001 Japan

Turmalinea mesomorpha KPM-NC-0018015 Japan

100/1

98/1 Rossbeevera eucyanea KPM-NC 28182 Japan

100/1 Rossbeevera cryptocyanea KPM-NC 26877 Japan

Rossbeevera bispora GDGM 46631 China

| QQ/1 Retiboletus zhangfeii HKAS83962 China

100/1 Retiboletus zhangfeii HKAS53420 China

95/1

Retiboletus nigerrimus Tynil Japan

100/1 Retiboletus griseus snBoth USA
MEReliboletus griseus Halling10162 USA
Retiboletus sinogriseus L1260 China
99/1 ] 100/1L Retiboletus sinogriseus LI258 China

Retiboletus ater Li1224 China

Retiboletus ater Li1215 China

| Retiboletus pseudogriseus FHMU375 China
| Retiboletus pseudogriseus Zeng647 China

100/1 Retiboletus fuscus Cui47 China
l Retiboletus fuscus Wu445 China

Retiboletus tingigriseus BJTC FM1797 China

100/1

100/1

Retiboletus sinensis HKAS122943 China
Retiboletus sinensis HKAS83955 China

Retiboletus sinensis HKAS59832 China

Retiboletus brevibasidiatus OR0570 Thailand

Retiboletus retipes 96/97 USA

8/11100/0.99 Retiboletus retipes 22/97 USA

Retiboletus kauffmanii G.Wu352 China

0/0.99! Retiboletus kauffmanii HKAS63584 China

Retiboletus ornatipes 201/97 USA

Retiboletus ornatipes Halling10163 USA

98/1

Figure 17 Continued.

100/1 Retiboletus nigrogriseus FHMU2800 China
[ Retiboletus nigrogriseus FHMU2045 China

R. tingigriseus

78/0.99] 100/1| Retiboletus tingigriseus BYTC FM2269 holotype China
1001 Retiboletus tingigriseus BJTC FM1736 China
Retiboletus cyanescens HKAS 122939 China
Retiboletus cyanescens HKAS 122940 China
10071} 937 7
Retiboletus cyanescens HKAS 106692 China
93/1 100/1 Retiboletus brunneolus HKAS106427 China
|— Retiboletus brunneolus HKAS77764 China
100/1 Retiboletus vinaceipes CFMR:BZ-2386 Belize
767 l Retiboletus vinaceipes CFMR DR-1035 Dominican Republic

Retiboletus
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Xerocomoideae

=]

71
100/1

99

95/0

90/") Xerocomus ferrugineusBJTC FM1245 China

89/*

100/1 | Xerocomus subtomentosus KM168813 UK
Xerocomus subtomentosus KM167686 UK
Xerocomus tenuistipitatus BJTC FM2267 holotype China
98/1100/1' Xerocomus tenuistipitatus BJTC FM2684 China
100/1) Xerocomus galbanus BJTC FM1813 China
Xerocomus galbanus BJTC FM1790 holotype China
Xerocomus fulvipes HKAS52556 China
100/1; Xerocomus rugosellus HKAS58865 China
Xerocomus rugosellus HKAS68292 China
Xerocomus sp. HKAS67749 China
100/1— Xerocomus sp. HKAS90207 China
9 QE[Xeroconttls sp. HKAS74927 China
100/1 Xerocomus sp. HKAS75076 China
100/1r Xerocomus fraternus HKAS55328 China
Xerocomus fraternus HKAS52526 China

97/11 Xerocomus yunnanensis HKAS68282 China
E Xerocomus yunnanensis HKAS68420 China
Xerocomus puniceiporus HKAS80683 China

100/1 [ Xerocomus microcapoides HKAS54753 China

—L Xerocomus microcapoides HKAS53374 China
Xerocomus subparvus HKAS82184 China
_W{Xerocomus subparvus HKAS53387 China
Xerocomus sp. HKAS76853 China

100/1| Xerocomus velutinus HKAS52575 China

Xerocomus velutinus HKAS68135 China
Xerocomus ferrugineus BJTC FM1845 China
Xerocomus ferrugineus BJTC FM1248 China
Xerocomus ferrugineus BJTC FM2186 China
Xerocomus ferrugineus BJTC FM2369 China

98/1

X. ferrugineus China/Europe

Xerocomus ferrugineus AH2000108
/ "-‘I Xerocomus ferrugineus AH2000024
Xerocomus sp. HKAS57765 China

o1/ '%6/ Xerocomus magniporus HKAS:59820 China

Xerocomus sp. HKAS57339 China
Xerocomus magniporus HKAS58000 China
oo Xerocomus ferrugineus MICH KUO-08100701 USA
“-‘VXerocomusferrugineus CFMR BOS-545 USA
Xerocomus perplexus MB00J-005 USA

100/1 Xerocomus piceicola HKAS55452 China

Xerocomus piceicola HKAS76492 China
100/l —— Heimioporus subretisporus HKAS80581 China

100/1
100/1

100/1 100/1

Hemileccinum albidum HKAS50503 China
Hemileccinum albidum HKAS50350 China
100/1 [ Hemileccinum brevisporum HKAS59445 China

#/| — Hemileccinum impolitum BJTC FM696 China
Hemileccinum impolitum HKAS 84869 Germany
Hemileccinum impolitum Bim1 Germany
Hemileccinum depilatum AF2845 Belgium

L Heimioporus japonicus HKAS52237 China

Hemileccinum brevisporum HKAS89150 China S
Hemileccinum

H. impolitum

Aureoboletus erythraeus FHMU3144 China

Figure 11 Continued.

Villoboletus persicinus BJTC F
100/1 ’ Villoboletus persicinus BJTC FM1904 China

Villoboletus persicinusBJTC FM1869 holotype China

boletus duplicatoporus HKAS50498 China

. 72/
99/1 Aur
Aureoboletus yunnanensis HKAS75050 China

M1906 China

V. persicinus Villoboletus

X. tenuistipitatus|

X. galbanus

Xerocomus
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Bol¢toideae
—leont “Boletus meiweiniuganjun” HKAS55393 China
Boletus bainiugan BJTC FM2253 China
[ Boletus bainiugan BJTC FM2295 China B. bainiugan
01| Botetus bainiugan BITC FM2437 China
Boletus bainiugan BJTC FM2329 China
720099 | i

S!robllamyce strobilaceus BJTC FM1059 China
100/1} Strobilomyces strobilaceus BITC FM687 China ¢ c/vobilacens
Strobilomyces strobilaceus HKAS75466 China

92/*

opilus himalayanus DC 17-31 India
100/1_| Tylopilus himalayanus DC 17-25 India T. himalayanus
Tylopilus himalayanus BYTC FM2315 China

100/1

100/1

1

Figure 17 Continued.

2020



Hortiboletus rufosquamosus BJTC FM2652 China
Hortiboletus rufosquamosus BJTC FM2680 China
99/1 gnrtiZO;etus rufasquamosus gj:ll:g gm%ggg Ehlina o
ortiboletus rufosquamosus olotype China |
+/0.97 | Hortiboletus rufosquamosius BYTC FM2692 China ' Ho. rufosquamosus
Hortiboletus rufosquamosus BJTC FM2649 China
Hortiboletus sg. FHMU2113 China
Hortiboletus rubellus LAH35030 Pakistan
Hortiboletus rubellus 52A Spain
Hortiboletus rubellus FLAS-F-60315 USA
T4/t Hortiboletus rubellus FLAS-F-61506 USA
0/ Hortiboletus rubellus FLAS-F-60513 USA
[l Hortiboletus sp. DD614 USA
Hortiboletus aff. rubellus MB03033 USA .
Hortiboletus kohistanensis LAH35285 Pakistan Hortiboletus
Hortiboletus kohistanensis LAH35327 Pakistan
/1, Hortiboletus tomentosus BJTC FM2289-A holotype China
Hortiboletus tomentosus BJTC FM2289-B China Ho. tomentosus
/® ; Hortiboletus amygdalinus HKAS54166 China
8/% Hortiboletus amygdalinus HKAS54242 China_
Hortiboletus indorubellus DC 14002 India
Hortiboletus indorubellus LS15 Pakistan
Hortiboletus subpaludosus HKAS59608 China
0/1 Hortiboletus subpaludosus HKAS52659 China
Hortiboletus subpaludosus HKAS68158 China
Hortiboletus sp. HKAS50466 China
100/1, Hortiboletus napaeus FHMU3325 China
Hortiboletus napaeus FHMU3326 China
1/0.99 Hortiboletus sp. JLEF6662 USA
Hortiboletus sp. JLF6654 USA .
Hortiboletus arduinus FHMU3324 China
Hortiboletus arduinus FHMU3323 China
Hortiboletus sp. HKAS51292 China :
/1 ; Xerocomellus communis HKAS68204 China
Xerocomellus communis HKAS 50467 China
Xerocomellus cisalpinus PDD94421 New Zealand
Xerocomellus corneri HKAS52503 China
Xerocomellus corneri HKAS90206 China
Xerocomellus chrysenteron HKAS56494 China
100/1 Austroboletus fusisporus HKAS75207 China
Austroboletus occidentalis MEL2300518 Australia

Veloporphyrellus alpinus HKAS57490 China
Muciloptlus castaneiceps HKAS75045 China .
Royoungia boletoides REH8851 Australia
Royoungia reticulata HKAS52253 China
Chiua olivaceoreticulata HKAS59706 China
90/1 Harrya subalpina HKAS50546 China
Harrya atrogrisea HKAS50542 China

Boletoideae
99/1
Boletaceae
SAH
Austroboletoideae
Zangioideae
99/%
Chalciporoideae
9
100/1
100/*|

Hymenoboletus Iuteopurﬁglreus HKAS46334 China
100/1— Zangia roseola HKAS52661 China
W&mgiu olivacea HKAS55830 China
Zangia citrina HKAS52677 China
Chalciporus piperatus K80S25b New Zealand
Chalciporus piperatus NAMPA2206-22 USA Ch. piperatus
Chalciporus piperatus BJTC FM2220 China
Chalciporus radiatus GDGMS50080 China
Chalciporus radiatus GDGM43285 China . Chalei
100/1 ; Chalciporus vulparius FHMUS5554 China GECIPONUS

L Chalciporus vulparius FHMUS5560 China
100/1; Chalciporus rubinelloides HKAS74952 China

Chalciporus rubinelloides HKAS58728 China
Chalciporus pseudorubinellus 4302 USA
Buchwaldoboletus lignicola FLAS-F-58917 USA

100/1
———1__ Buchwaldoboletus lignicola HKAS76674 China
9‘])/1 Gyrodon lividus REG GI1 Germany

Gyrodon sp. HKAS57588 China
—— Gyrodon sp. HKAS59448 China

Paragyrodon sphaerosporus MB06-066 USA
Paxillus obscurosporus Pol Germany
Paxillus vernalis AFTOL-ID 715 China
Paxillus filamentosus Pf1 Germany .

100/1 Gyroporus sp. HKAS52520 China

or——— L " Gyroporus sp. HKAS63505 China

Gyroporus castaneus HKAS76672 China
—— Suillus aff. luteus HKAS 57748 China

Figure 17 Continued.

The sequences wereeth concatenated using SequenceMatrix 1.7.8 (Vaidya et al. 2011).

L Suillus aff. granulatus HKAS 57622 China
0.04 Species from Shanxi Province, northern China

To check for the degree of congruence among the different markers,-gémgleanalyses were

conducted to assess incongruence among individual genes using the ML method (results not
shown).Because no webupported (BS>70%, Nuhn et al. 2013) conflict was detected among the

topologies of the four genes, their sequences were then concatenated together for furtgeneulti
analyses. The final alignments were submitted to TreeBASE underiaccessmber 30839.

Phylogenetic analyses were conducted using maximum likelihood (ML) and Bayesian
inference (BI). ML analyses were carried out in RAXML 8.0.14 (Stamatakis 2014) with all

parameters at default settings. As RAXML oslipports the GTR modef aucleotide substitution,
the GTRGAMMAI model was used for phylogenetic analys#¥0 bootstrap replicates were
computed in RAXML using a rapid bootstrap analysis and search for thedoeistg ML tree. Bl
analysis was performed in MrBayes 3.1.2 (Rosgéi Huelsenbeck 2003). A partitioned mixed
model was used by defining the sequences of ITS, nrit&ld, andrpb2 as four independent
partitions, and each gene was separately modeled with different parameters. TFhigethest
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substitution model for eachege marker was determined through MrModeltest v2.3 (Nylander
2004) by using Akaike Information Criterion (AIC). GTR+I+G was chosen as the best model for
ITS, nrLSU andtefl whereas SYM+I+G was selected as the best modephi#t. We used two
independent ns with four Markov chains Monte Carlo (MCMC) for 10 000 000 generations under
the default settings. The average standard deviations of split frequency (ASDSF) values were far
lower than 0.01 at the end of the runs. Trees were sampled every 100 genefétiobsrnin
(25% of trees were discarded as the Harphase of the analyses, set up well after convergence),
and 50% majorityrule consensus trees were constructed.

Clades with bootstrap support ( MLBS) O 70
O 0.95 were considered significantly support
phylogenetic trees were viewed with TreeView (Page 2001).

Results

Phylogengic analyses

The final combined ITSrLSU-tefl-rpb2 dataset consisted of 1140 sequences from 409
samples, including 191 sequences newly generated from our collections. The length of the aligned
dataset was 2611 characters after exclusion of poorly algjtesg with 439 characters for ITS, 846
characters for nrLSU, 620 characters fiefl, and 706 characters fopb2. ML and Bl analyses
yielded similar tree topologies and only the tree inferred from the ML analysis is illustrated with
strong statistical batstrap from ML and posterior probability from Bl support values shown
(Fig. 1).

In the phylogenetic analyses, members of Boletaceae in the dataset formed a monophyletic
lineage, and which includes seven major clades, consistent with the topologytotithbysWu et
al. (2014). The sequences of our 61 collections formedt@hg support clades, indicating they
were 24 distinct species, arlkdese species were respectively placed in 16 generdoletus,
Butyriboletus, CaloboletysChalciporus Cyanobdetus Hemileccinum Hortiboletus Leccinum
Neoboletus Retiboletus Rubroboletus Strobilomyces Suillellus Tylopilus Villoboletus and
Xerocomus Of them, 10 species are described as new species, and the remairciagleist
correspond well to the prmusly described species including three new to Chihlae
abbreviations of relevant genargentioned in this work are given in Table 1.

Table 1 The currently known genera of Boletaceae in Shanxi Province of northern China and the
abbreviations of generitameamentioned in this work

Generic names Abbreviations Generic names Abbreviations
Boletus B. Neoboletus N.
Butyriboletus Bu. Retiboletus R.
Caloboletus C. Rubroboletus Ru.
Chalciporus Ch. Strobilomyces S
Cyanoboletus Cy. Suillellus u.
Hemilecinum H. Tylopilus T.
Hortiboletus Ho. Villoboletus V.

Leccinum L. Xerocomus X.

BoletusL., Sp. pl. 2: 1176 (1753)

MycoBank number: MB 17174; Facesoffungi number: FoF 14984

Notes i Boletus was established by Linnaeus (1753). The genus is morpholggicall
characterized by the surface of the immature poroid hymenophore is covered with a layer of tangled
white hyphae, stipe is more or less reticulated, and the context is whitish t¢ wrtit@nging in
color when exposed (Coker & Beers 1943, Smith & Thi&81, Corner 1972, Singer 1986, Horak
2005, Halling et al. 2014, Cui et al. 2016). There are about 350 species accepted for this genus
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according to He et al. (2019). In this papeknown species discovered from Shanxi Province of
northern China is documesd as follows.

Figure 21 Fresh basidiomata of Boletaceae specids Bwoletus bainiugaiBJTC FM1013, BJTC
FM2329) cid Butyriboletus brunneoide¢BJTC FM1785, BJTC FM1816).i& Butyriboletus
parachinarensigBJTC FM2769, BJTC FM2770).i  Butyriboletus sinoregiu¢BJTC FM1103,
BJTC FM1240).iij Caloboletus griseoflavuéBJTC FM699, BJTC FM2221).ik Chalciporus
piperatus(BJTC FM2220). Scale barsila= 2 cm.
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Boletus bainiuganDentinger, in Dentinger & Suz, Index Fungorum 29: 1 (2013)
Figs Zi'b, 3

MycoBank number: MB 550249; Facesoffungi number: FoF 15000

Basidiomata medium to larggzed. Pileus 37180 mm diam; convex to broadly convex, then
plane to slightly depressed center when mature; surface glalkr@rsor sometimesigose, dark
brown (#b0856d)to black brown (#998f86) at first, then brown(#cdb48c)to yellow-brown
(#dbc4a6) context up to 30 mm, whit@#ffffff) , unchanging in color when exposed. Hymenophore
tubulose, depressed around apex of stipe; surface covered with(#¥ffft€) hyphae at first, then
turning dull yellow (#eeebc5)with age, unchanging in color when exposed; tubes concolourous
with the surface of hymenophore, up to 8 mm long; pores roundigt).9.ihm diam. Stipe 53
120 x 1135 mm, central, cylindrical to subcstirical, solid,enlarged downwardsale brown
(#e9ceac)o brown (#cb9f7fy surface covered with browf#895837)reticula all over the stipe;
context white(#ffffff) , unchanging in color when exposdghsal mycelium whitg#ffffff) . Odor
and tasterenotrecorded.
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Figure 3 i Boletus bainiugan a Pileipellis. b Basidiospores. ¢ Basidia. d Cheilocystidia.
e Pleurocystidia. CaulocystidiaScale barsiiad = 10 € m.
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Basidiospores [100/2/3] 115 x 45 . 5 ¢ m,i3.33, Qs= 2297 (& 0.18)subfusiformin
side view, sometimes with slight suprahilar depression, eliptiform to subfusiform in face
view, pale yellow in water or 5% KOH, smooth. Basidia22x 8512 . 5 & m, -sporedav at e
occasionally Zspored. Hymenophoral trama boletbygbe, that is divergen, with distinct
mediostratum antboselyarranged lateral strataylindrical hyphae, 4l 3 & m Cheilodystidia
25145 x 111 & m, s u b f u sventricosemPletiracystidia similardo cheilocystidia in
shape and size. Pileipellis anenoven trichoderm, composed of more or less vertically arranged,
thin-walled, hyaline and pale brown hyphaél43 e m i n di am, subcglindmdtm a | e
subfusiform, 1050 x 51 3 & m. S a hiymenifoimpvath daulogystidia 260 x 6 10 um,
clavateto lageniform, thinwalled. Clamp connectioraeabsent.

Ecology and habitat Solitary or scattered on the ground in coniferous or broadleaf forest,
currently only known from China.

Specimens examined China Shanxi Province Jincheng City, Qingli County, Lishan
Mountains, Zhongchunlinchang, on the ground in mixed forest dominat@dérgusspp., 1680 m
elev, 24 August 2020, H. Liu, LH1153 (BJTC FM101®)d., on the ground in broadleaf forest
dominated byQuercussp., 1616.5 m elev, 10 Augu022, N. Mao, MNM583 (BJTC FM2253);
ibid., Shangchuan Village, on the ground in broadleaf forest dominat€uiéscussp., 1710.5 m
elev, 11 August 2022, N. Mao, MNM607 (BJTC FM2295); Pu County, Wulu Mountain, on the
ground in broad leaved forest, 1780 tave 13 August 2022, J.C. Lv, LJC240 (BJTC FM2329);
ibid., on the ground in broadleaf forest dominateddoyercussp., 1498 m elev, 14 August 2022, N.
Mao, MNM678 (BJTC FM2437).

Notei Boletus bainiugans characterized by its brown pileus walglabroussurface, stipe
covered with brown reticula, trichodermal pileipellis and subfusiform basidiospores (Cui et al.
2016).Boletus bainiugaris often confused witlB. edulisby their similar morphology with distinct
reticulations of the stipe. Howeved, edulis differs from B. bainiuganby its pileus with a white
margin and relatively larger basidiosporesi(l% x5i6 ¢ (Alg¢ssio 1985, Cui et al. 2016Qur
studies showed th&. bainiuganpreferred the warm climate aiglclosely related t@Quercusspp.
in Shanxi Province, where it has a popular occurring at summer season thdsahbthern region
of Lvliang Mts andtheeastern area of Zhongtiao Mts in Shanxi Province.

ButyriboletusD. Arora & J.L. Frank, Mycologia 106(3): 466 (2014)

MycoBank numberMB 803207; Facesoffungi number: FoF 14985

Notesi Butyriboletus(Bu.) was established to accommodate Butetussect. Appendiculati
Estades & Lannoy, which have reddish to reddish brown pileal surface, yellowish to yellow
hymenophore, usually turning blue when exposed, and stipe surface covered with reticulations
(Arora & Frank 2014, Wu et al. 20164, Fu et al. 20@&ng et al. 2022). A total of 11 species of
Butyriboletusare currently recorded in southern Chine,Bu. brunneoides. Fan & H.Y. Fu,Bu.
hainanensidN.K. Zeng, Zhi Q. Liang & S. Jian@gu. huangnianlaiiN.K. Zeng, H. Chai & zZhi Q.
Liang, Bu. pseudooseoflavusyang Wang, Bo Zhang & Yu LBu. pseudospeciosusuan Zhao &
Zhu L. Yang,Bu. roseoflavugHai B. Li & Hai L. Wei) D. Arora & J.L. FrankBu. sanicibusD.
Arora & J.L. FrankBu. sinoregiusL. Fan & H.Y. Fu,Bu. subregiusYyang Wang, Bo Zhang &'u
Li, Bu. subsplendidugW.F. Chiu) Kuan Zhao, G. Wu & Zhu L. Yang, aBd. yicibusD. Arora &
J.L. Frank. In this paper, three known species discovered from Shanxi Province of northern China
are documented as follows.

Butyriboletus brunneoides.. Fan &H.Y. Fu, in Fu, Li & Fan, Phytotaxa 544(2): 213 (2022)
Figs 2¢d, 4
MycoBank number: MB 842144; Facesoffungi number: FoF 15001
Basidiomata small to mediugized. Pileus 3®4 mm diam; hemispherical to convexaat
young age, then broadlgonvex with age; surface dry, yellowish brown (#ffbb78) to brown
(#c96400), margin decurved; context up to 9 mm thick, solid, white (#ffffff) to pale yellow
(#f2ffb8) to yellow (#fffc9a), unchanging in color when exposed. Hymenophore tubalsate,
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suiface bright yellow (#ffffla) to light yellow (#eaff80), turning blue when exposed; tubes
concolorous with hymenophore surfaog, to 8 mm long; poresomewhat ellipticabr subround,
0.210.3 mm in diam. Stipe 4%0 x 730 mm, central, cylindrical, solidgeal or slightly enlarged
downwardspale yellow (#eaff80), developing pale red stains near the base; surface covered with a
fine pale yellow (#eaff80) reticulum; context white (#ffffff) to pale yell@¥2ffb8), turning blue
(#53809e)when exposed. Basalycelium whitish. Odor and taséeenot recorded.
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Figure 41 Butyriboletus brunneoides Pileipellis. b Basidiospores. ¢ Basidia. d Cheilocystidia.
e Pleurocystidia. f Caulocystidia. Scale baisda = 10 € m.

Basidiospores [60/2/2] 115( 17) x 35 & m, Q3.75(4.33), 6= 3.5 (x 0.25),

subfusiform to fusiform in side viewvith slight suprahilar depression, ellipsdigsiform to
subfusiform in face view, yellowisim water or 5% KOHK smooth.Basidia 27.535 x 751 0 & m,
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clavate, hyaline to yellowish in water or 5% KOH4-spored, occasionally-2or 3-spored.
Hymenophoral trama boletoiype, that isdivergen, with distinct mediostratum antbosely
arranged lateral strata, hyphae cylindricall & ¢ m. Gheilatystidia 3032.5 x 751 0 & m,
fusiform or subfusiform, hyaline, thiwalled, smooth. PleurocystidiaB% x81 2 . 5 em, f us
to fusoidventricose, hyaline, thiwalled, smooth. Pileipellis a trichoderm, composed of
interwoven hyphae. 8’5 e m wi de, -walledpaways withtpdle bnown to pale yellow
extracellular pigmentsStipitipellis hymeniform, with caulocystidia 186 x 4 13 um, lageniform.

Clamp connectionareabsent.

Ecology and habitat Solitary or scattered on the graliin broadleaf forest dominated by
Quercusspp., currently only known from Shanxi Province, northern China.

Specimens examined Ching Shanxi ProvinceQinshui County, Shangwoquan Village, on
the ground in broadleaf forest dominated @yercussp., 1150 m elev, 26 July 2021, J.C. Lv,
LJCO045 folotype BJTC FM1816);ibid., 1170 m elev, 21 August 2019, H. Liu, LH716 (BJTC
FM688);ibid., 1140 m elev, 26 July 2021, N. Mao, MNM358 (BJTC FM1785)

Note T Butyriboletus brunneoidess rare and recently describedorn southern Shanxi
Province. Itis characterized by thgellowish brown to brown pileus, unchanging color of pileal
context when exposed, stipe surface covered with pale yellow reticBlutgriboletus brunneoides
is highly similar to the North AmericBu. brunneus the difference between them is just in the
surface of pileus, it is smooth Bu. brunneoides but with finely fibrillose inBu. brunneus(Peck
1890). Additionally, the stipe ddu. brunneushas red stains over the bottom half, frequently and a
red zone at or above the midpoint (Peck 1890).

Butyriboletus parachinarensidNaseer, Davoodian & Khalid, in Crous et al., Persoonia 46: 421
(2021) Figs &if, 5

MycoBank number: MB 839366; Facesoffungi number: FoF 15002

Basidiomata sniato mediumsized. Pileus 2%9 mm diam, convex to broadly, surface dry
smooth, pale brow#9c8550)to brown (#6f5b43) context pale yellow#cccf82) unchanging in
color when exposed. Hymenophore tubulasdnate, surfaceright yellow (#cccf82)at a young
age, then yellow#cddOa4d)with age, turning blug¢#53809e)when exposed; tubes concolorous
with hymenophore surface. Stipei128 x § 15 mm, central, cylindrical, solid, slightly enlarged
downwardspright yellow (#d5dba7at first, then dark yellow#d0cf95)with age; surface covered
with yellow (#9a9052)to brown (#876b55)reticulum; context pale yello#f2ffb8), turning blue
(#53809e)when exposed. Basal mycelium whitigtifffff) . Odor and tastarenot recorded.

Basidiospores [60/2/2] 103 x45. 5 & m, 1B075/Qv=22.4% @& 0.19), subfusiform to
fusiform in side viewwith slight suprahilar depression, ellipsdigsiform to subfusiform in face
view, yellowishin water or 5% KOH smooth. Basidia 286 x 91 3. 5 & m,hyammé v at e,
yellowish in water or 5% KOH4-spored, occasionally-2or 3-spored. Hymenophoral trama
boletoidtype, that isdivergen, with distinct mediostratum anbbosely arranged lateral strata
cylindrical hyphaehyphae cylindrical, 41 4 ¢ m Cheilogystidia 3649 x 11 0 € m, fusi f
or subfusiform to lageniform, hyaline, thwalled, smooth. Pleurocystidia i3®0 x 711 & m,
similar to cheilocystidia in shape. Pileipellis a cutis, composed of interwoven hypBlae8 m wi d e ,
smooth, thirwalled, always with pale brown tpale yellow extracellular pigments, terminal
elementssubcylindric, 1040 x 48 ¢ m. Stipitipellis hymeiB5 X or m,
12.5 19 pm, lageniform. Clamp connectioaseabsent.

Ecology and habitat Solitary or scattered on the ground in dmiteaf forest dominated by
Quercusspp., currently known from Pakistan and northern China.

Specimens examined Ching Shanxi Province, Changzhi City, Qingyuan County,
Lingkongshan Mountains, on the ground in broadleaf forest, 12 Sep. 2022, J.Z. CaopLH175
(BJTC FM2769)jbid., J.Z. Cao, LH1757 (BJTC FM2770).

Notei Butyriboletus parachinarensis known only from Pakistan. Our two specimens from
central Shanxi Province matched this species (Figs ). Zgutyriboletus parachinarensiss
characterized bits pileus with brown tone, bright yellow to dark yellow hymenophore turning blue
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quickly when exposed, stipe surface covered with brown reticulation on the over upper part, and
fusoid basidiospores (Crous et al. 20Rytyriboletus brunneoidds highly similar to this species

in morphology, but can be separated by its longer basidiospores5(2055.5¢ m) (Fu et
2022). Butyriboletus sanicibuss morphologically similar and phylogenetically related Ba.
parachinarensisas both of the two species have brown pileus and stipce covered with
reticulum. HoweverBu. sanicibusdiffers from Bu. parachinarensisby its hymenophore surface
slightly greenish with age and habitats associated with coniferous forests (Arora & Frank 2014).
Butyriboletus parachinarensis new to China.

I
@

Figure 5 i Butyriboletus parachinarensisa Pileipellis. b Basidiogpes. ¢ Cheilocystidia.
d Pleurocystidia. e Caulocystidia. f Basidia. Scale bag=al0¢ m.
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Butyriboletus sinoregiud.. Fan & H.Y. Fu, in Fu, Li & Fan, Phytotaxa 544(2): 215 (2022)
Figs i h, 6

MycoBank number: MB 842145; Facesoffungi number: FoF 15003

Basidiomata mediursized. Pileus 6370 mm diam; convex at first, then broadly convex to
applanate; surface drfinely tomentose, occasionally cracking at cenpade purplered (#ff6b6b),
and fading to pale redrange or grayish orange (#f8f1e2) to margin; context pale yellow (#ffff4d),
turning blue when exposed. Hymenophore tubuladeate surfacebright yellow to pale yellow at
ayoung age, then brownish yellow with age, turning blue when exposed; tubes concolorous with
hymenophore surfacej @ mm long; pores angular or subround,i0.3 mm diam. Stipe 557 x
1823 mm diam, central, cyldrical, solid, equal, pale yellow at young, turning dark red (colour
code) with age; surface covered with reticulum; context pale ye(l#f@ffb8), turning blue
(#53809e)when exposed. Basal mycelium whitish. Odor and &@srot recorded.
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Figure 6 i1 Butyriboletus sinoregius a Pileipellis. b Basidiospores. c¢ Cheilocystidia.
d Pleurocystidia. e Caulocystidia. f Basidia. Scale bag=al0¢ m.
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Basidiospores [60/2/3] 105 x 5§55 . 5 & mi2.68 Qv= 2.24 (x 0.34), subfusiform to
fusiform in side viewwith slight suprahilar depression, subfusiform to fusgedtricose in face
view, yellowishin water or 5% KOKsmooth. Basidia 27i82.5x Di1 2 . 5 ¢ mhyalmétav at e
yellowish in water or 5% KOH4-spored, occasionally-2or 3-spored. Hymenophoral trama
boletoidtype, that isdivergen, with distinct mediostratum anhkbosely arranged lateral strata,
hyphae cylindrical, . 0 ¢ m. Chailodystidia 2542.5 x (5)7.5125(17 . 5) & m, fusi
subfusiform to lageniform with subacute apex, hyaline -ttétied, smooth. Pleurocystidia similar
to cheilocystidia in shape and size. Pileipellis a trichoderm, composed of interwoven hiyphae 3
€ m ide, smooth, thirwalled, always with pale brown to pale yellow extracellular pigments,
terminal elements 180 x 37 . 5, nearly clavate sometimes with expanding obt&gitipellis
hymeniform, with caulocystidia 140 x 8 14 um, subfusiform or fusifon. Clamp connectionare
absent.

Ecology and habitat Solitary or scattered on the ground in broadleaf forest dominated by
Quercusspp., currently only known from Shanxi Province, northern China.

Specimens examined China Shanxi Province,Qinshui County Lishan Mountains,
Zhongcunlinchang, on the ground in mixed forest, 1630 m elev, 22 August 2019, H. Liu, LH755
(holotype BJTC FM755); Yicheng Country, Shihelinchang, on the ground in broadleaf forest
dominated byQuercussp., 1960 m elev, 26 August 2024, Liu, LH1178 (BJTC FM1103);
Qinshui County, Lishan Mountains, on the ground in mixed forest, 15 July 2020, H. Liu, LH929
(BJTC FM1240).

Note 1T Butyriboletus sinoregiuss characterized by its finely tomentose pileus, and
basidiomataluing whenexposedFu et al. 2022). This species is now only harvested from eastern
Zhongtiao Mts. in southern Shanxi Province in which it is a popularly encountered boletoid
mushroom and closely associated w@hercusspp. Butyriboletussinoregiusis morphologically
and plylogenetically similar and related to Europdau regius Both of the two species have red
tones and finely tomentose pileusut Bu. regius differs from Bu. sinoregiusby its yellow stipe
with reddish tones when mature and pileal context usually natgolwhen exposed (Janda et al.
2019).Additionally, after reexaming the specimens originally cited unBer sinoregius(Fu et al.
2022), we observed the presence of cheilocystidia whisimilar to pleurocystidia in morphology.

CaloboletusVizzini, Index Fungorum 146: 1 (2014).

MycoBank number: MB 550546; Facesoffungi number: FoF 14986

Notesi Caloboletuswas established to accommod&eletus calopuders., and its allies,
which have yellow to olive yellow tubes, yellowish or reddish surface of the,dtiuish color
change when bruised, and distinctly bitter taste of the context (Hellwig et al. 2002, Vizzini 2014a,
Zhao et al. 2014a, Wu et al. 2016a, Zhang et al. 2017, Chai et al. 2019). A total of five species of
Caloboletusare currently recorded isouthern Chinai.e. C. guanyuiN.K. Zeng, H. Chai & S.
Jiang,C. panniformis(Taneyama & Har. Takah.) VizzinG. taienus(W.F. Chiu) Ming Zhang &
T.H. Li, C. xiangtoushanensisling Zhang, T.H. Li & X.J. Zhong, an@. yunnanensi&uan Zhao
& Zhu L. Yang (Zhao et al. 2014a, Wu et al. 2016a, Zhang et al. 2017, Chai et al. 2019). The
following new species is only known from northern China.

CaloboletuggriseoflavusL. Fan, N. Mao & T.Y. Zhaosp. nov. Figs 21, 7
MycoBank numberMB 850260 Facesffungi numberfoF 15004
Etymologyi griseoflavus refers to the color of the grey pileus and yellow stipe.
Typification i China Shanxi ProvincePu County, Wulu Mountain, on the ground in broadleaf
forest dominated byuercussp., 1497 m elev, 14 Augu2022, N. Mao, MNM679 (holotype
BJTC FM2438). GenBank: ITS = OR655145, nrLSU = OR65518f, = OR659982;rpb2 =
OR659933.
Basidiomata small to mediusized. Pileus 305 mm diam; subhemispherical to convex at
young age, then broadly convex to applansitgface dry, grey white (#f8fbfd) to greish (#¥d0ele7)
at a young age, then greyish brown (#d4cea8) with age, finely pubescent; context up to 12 mm
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thick, solid, white (#ffffff) to pale yellow (#f2ffb8)turning blue (#53809evhen exposed.
Hymenophore toulose, sinuate to adnate, surface bright yellow (#f8f3aH) yatung age, then
orangeyellow (#b78c53) with age, turning bl{g53809e)when bruised; tubes concolorous with
hymenophore surface; porasgularor subround, up to 0.5 mm diam. Stipe @6 x § 20 mm,
central, cylindrical to subcylindrical, solid, bright yellow (#f8f3alyaatoung age, then yellowish
brown (#cdaf5d) with age; surface covered with yellowish brown (#cdaf5d) reticulations that
gradually longitudinal towards the base; context wlitiffff) to pale yellow (#f2ffb8), turning

blue (#53809e) quicklwhen exposed. Basal mycelium whitish. Odor and &steot recorded.

it

:

Figure 7 7 Caloboletus griseoflavusa Pileipellis. b Basidia. ¢ Pleurocystidia. d Cheilocystidia.
e Basidiospaes. f Caulocystidia. Scale barsfa = 10 & m.
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Basidiospores [60/3/3] 125(G 16) x 4.55.5(6 ) & m, 1Q2.4/2.8((3R Qul=82.6 (+
0.2), subfusiform to fusiform in side viewith slight suprahilar depression, ellipsdigsiform to
subfusiform in face rew, slightly thickwa |l | ed (up t o O. 5inwatm)or5% el | @
KOH, smooth. Basidia (3032 36('40) x (7)9111(1 3) € m, hyaliheaty getlowish in
water or 5% KOH4-spored, occasionally-2r 3-spored. Hymenophoral trama boletdyghe, that
is divergen, with distinct mediostratum arldoselyarranged lateral strathyphae cylindrical, 4
7.5 em wide. 1Ghet81l1bcymti diuai #@rm or -walddf usi f
smooth, without encrustation. Pleurocystidid®® x 81 0  subfusiform to fusoielentricose,
hyaline, thinwalled, smooth, without encrustation. Pileipellis a trichoderm, composed of
interwoven hyphaeid4 e m wi de, -walledp aways,withtphle brown to pale yellow
extracellular pigments, terminal elemerit§i42 x 49 ¢ nearly clavate sometimes with
expanding obtuseStipitipellis hymeniform, with caulocystidia 243 x 8 10.5 pm, ellipsoid
fusiform or clavate, covered with pale yellow to pale brown extracellular pigrrentater or 5%
KOH. Clamp connectinsareabsent.

Ecology and habitat Solitary or scattered on the ground in broadleaf forest dominated by
Quercusspp., currently only known from Shanxi Province, northern China.

Other specimens examined China Shanxi Province,Qinshui County, Shangwogn
Village, on the ground in broadleaf forest dominate@ogrcussp., 1170 m elev, 21 August 2019,

H. Liu, LH728 (BJTC FM699)jbid., Zhongcunlinchang, on the ground in coniferous and broad
leaved mixed forest dominated IQuercussp., 1590 m elev, 10 Aust 2022, J.C. Lv, LJC184
(BJTC FM2221).

Note i Caloboletus griseoflavus characterized by itgrey white to greish pileus, yellow
stipe covered with yellowish brown longitudinal reticulatioktrphologically, C. griseoflavusis
highly similar to theEuropearC. radicans(Pers.) Vizzini, howevelC. radicanshas largesized of
basidiomta (pileusi®0 cm in diam) and a rodike base into the soil, that separate them apart
(Bon et al. 1987)0Of the Caloboletusspecies found in Chin&. guanyuican be étinguished from
C. griseoflavudy its stipe densely covered with pdleown, brown to reddisbrown squamules
(Chai et al. 2019)C. panniformisby its pileus covered with tomentose to velvety squamules and
rose red to purplish red stipe (Wu et al. 2816C. taienusby its pale red stipe context and
relatively smalleasidiospores {80.5 x44.5¢ m) ( Z h a n g; Cexitangt®ushane@s®yl 7 )
its dull red to brownish orange pileus and brown to reddish brown stipe cofhexiy et al. 2017
andC. yunnanensidy its pink to reddish pileal context and purplish upper part of stipe (Zhao et al.
2014a).

ChalciporusBataille, Bull. Soc. Hist. nat. Doubs 15: 39 (1908)

MycoBank number: MB 17277; Facesoffungi number: FoF 14987

Notesi Chalciporus(Ch.) was established to accommod&eletus piperatuBull. and its
allies, which have small basidioma with pinkish red to reddish brown hymenophore; no
ornamental stipe, smooth basidiospores, an intricate trichoderm to interwoven -doatted
pileipellis (Halling et al. 2004, Wu et al. 2016a, Xu et al. 2021). A total of seven species of
Chalciporusare curretly recorded in China, i.eCh. citrinoaurantiusMing Zhang & T.H. Li,Ch.
hainanensisMing Zhang & T.H. Li, Ch. piperatus(Bull.) Bataille, Ch. radiatus Ming Zhang &
T.H. Li, Ch. rubinelloidesG. Wu & Zhu L. Yang,Ch. vulpariusN.K. Zeng Chang Xu & Zhi Q
Liang andCh. sinensisN.K. Zeng Chang Xu & Zhi Q. Liang. In this paper, a known species
discovered from Shanxi Province of northern China is documented as follows.

Chalciporus piperatugBull.) Bataille, Bull. Soc. Hist. nat. Doubs 15: 39 (1908)
Figs Xil, 8
MycoBank number: MB 311021; Facesoffungi number: FoF 15005
Basidioma smalkized. Pileus 29 mm diam., applanate; surface dry, yellowish brown
(#e7aebajo reddish brown#d18964) context up to 11 mm thick, solid, whif&fffff f), turning
pink (#ffd5c0) when exposed. Hymenophore tubuloadnate, surfaceeddish brown(#cd6f3a)
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turning dark rusty browi#876562)when exposed; tubes concolorous with hymenophore surface,
up to 5 mm long; poreangular or subroundstipe 26 x 10 mm, central, cylindrical, solid, equal,
reddish brown#da7e3b) surface smooth; context brighter yell@#ffdc7c), unchanging in color
when exposedBasal mycelium bright to dull yello@ffd16e) Odor and tastarenot recorded.

Figure 81 Chalciporws piperatusa Pileipellis. b Basidiospores. ¢ Cheilocystidia. d Pleurocystidia.
e Basidia. Scale barsi@é= 10 m.

Basidiospores [30/1/1]i91 x 33 . 5 & m, 13@3, & =3.05/(40.24), subfusoid with
slight suprahilar depression, yellowigh water or 5% KOHK smooth. Basidia 16 x 68 & m,
clavate, hyaline to yellowish in water or 5% KOHj-spored, occasi@ally 2- or 3-spored.
Hymenophoral trama boletoigpe, that isdivergen, with distinct mediostratum antbosely
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arranged lateral stragtdayphae cylindrical4i8.5e m wi de. Ch @66l x08c1y2s tei nd,i a
fusiform or subfusiform, hyaline, thiwalled, smoth. Pleurocystidia 4%5 x 71 2 ,simmlar to
cheilocystidia in shape. Pileipellis a trichoderm, composed of interwoven hypha@ 4 e m wi d e
smooth, thiawalled, always with pale brown to pale yellow extracellular pigments, terminal
elements 1645 x 512 ¢ m nearly clavate sometimes with expanding obtusgpitipellis a
trichodermlike structure, composed of hyphae84 e m i n di am, t140r xion a | €
em, cl avate, pGdmecognedidnareabsenn K OH.

Ecology and habitat Solitary onthe ground in coniferous forest or coniferous and broad
leaved mixed forest, currently knovwmChina, Europe and North Americldlling et al. 2004, Xu
et al. 202).

Specimens examinegd China, Shanxi ProvinceQinshui County, Zhongcunlinchang, on the
ground in mixed forest, 1590 m elev., 10 August 2022, J.C. Lv, LJC183 (BJTC FM2220).

Note i Chalciporus piperatuss characterized by itgellowish brown to reddish brown
pileus, pileal context turning pink when exposed, reddish brown hymenophore sunféng dark
rusty brown when exposehalciporus vulparius a species recently introduced from Hainan
Province, southern China, is somewhat similaCkopiperatusin reddish brown pileus and brown
stipe.However,Ch. vulpariusis different in pileal conted unchanging in color when exposed, and
white basal myceliumXu et al. 202). Chalciporusrubinelloidesis also morphologically similar
to Ch. piperatus However,Ch. rubinelloidesdiffers from Ch. piperatusin its grayish red to red
hymenophore and rdlaely larger basidiospores (115 x 45 . 5 & m) (Wu et a
Chalciporus piperatuss rare in Shanxi Province.

CyanoboletusGelardi, Vizzini & Simonini, Index Fungorum 176: 1 (2014).

MycoBank number: MB 550672; Facesoffungi number: FoF 14988

Notesi CyanoboletugCy.) was established to accommodBtdetus pulverulentu®pat. and
its allies. The genus is morphologically characterized by its yellowish brown, brown to dark brown
pileus, quickly bluing context and hymenophore wrexposed, and ixosubiisi to subcutis
pileipellis (Gelardi et al. 2013, Wu et al. 2016a, Farid et al. 2021), and nine species are accepted
according to Index Fungorum. Currentfgur Cyanoboletuspecies areecordedn Ching i.e. Cy.
brunneoruberG. Wu & Zhu L. Yang,Cy. fagaceophilusG. Wu, Hai J. Li & Zhu L. YangCly.
instabilis (W.F. Chiu) G. Wu & Zhu L. Yang, an@y. sinopulverulentugGelardi & Vizzini)
Gelardi, Vizzini & Simonini Gelardi et al. 2013, Wu et al. 2016a, 2pD2Bhe following new
species is the fifth founh China.

CyanoboletudlavocontextusL. Fan, N. Mao & T.Y. Zhaosp. nov. Figs %, 10

MycoBank number: MB 850261; Facesoffungi number: FoF 15006

Etymologyi flavocontextus refers to the color of the context.

Typification 1 China, Shanxi Pnance, Yuncheng City, Xia County, Sijiao Town, on the
ground in broadleaf forest dominated Quercussp., 965.8 m elev, 12 August 2022, N. Mao,
MNM615-A (holotype BJTC FM231%). GenBank: ITS = OR655149; nrLSU = OR65518571
= OR6599861pb2 = OR659937.

Basidiomata small to mediusized. Pileus 2660 mm diam; subhemispherical to convex at
young age, then broadly convex, brown (#b48764); surface glabrous to subtomentose, always
viscid when wet; context up to 11 mm thick, solid, pale yellow (#f4ed&@)ng dark blue
(#737c85)when exposed. Hymenophore tubulose, adnate, surface bright yellow (#f4e@bf) at
young age, then orangellow (#d3ca5f) with age, turning bl{&737c85) quicklywhen exposed;
tubes concolorous with hymenophore surfaéd®, skhm lorg; poresangularor subround, 12 mm
diam. Stipe 4060 x 412 mm, central, cylindrical to subcylindrical, solidgual or slightly
enlarged downwards; surface glabrous, yellow (#f3d36gglow-brown (#efa655) at first, then
gradually brown (#8e6150) t@xds the basestaining dark blug#737c85) quicklywhen exposed;
context bright yellow (#f4e05f)turning orangeyellow (#fec365) from bottom up with age and
black blue (#737c85) when expos8asal mycelium whitish. Odor and tasteenot recorded.
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Figure 9 i Fresh basidiomata of Boletaceae speciesCyanoboletus flavocontextu8JTC
FM2319A). b Hemileccinum impolitum(BJTC FM696). cHortiboletus tomentosugBJTC
FM22893A). di e Hortiboletus rufosquamosy8JTC FM2290, BJTC FM2652)i i Leccinumcf.
aurantiacum(BJTC FM2191, BJTC FM1927, BJTC FM2742)! Leccinumcf. scabrum(BJTC
FM2119, BJTC FM2601, BJTC FM2667, BJTC FM2721). Scale bals: a2 cm.

Basidiospores [60/2/2] (11i512i 13.5(14.5) x 4.55.5(6 ) & m, 1Q.89¢3), . 41 8
2.53 (£ 0.23, subfusiform to ellipsoidusiform in side viewwith slight suprahilar depression,
subfusoid in face view, slightly thiekal | ed (to 0.5 em), yell owi sh
smooth. Basidia (2931i36(G39) x (9)11i13 & m, cshomed, aotcasjolig £-spored,
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sterigmata 57/ e m | ong. Hy me n o ptype, rtheatl isdiverganmwith distiricte t o i d
mediostratum antboselyarranged lateral strgthyphae cylindrical, @ ¢ m @heildoystidia
39153 x 811 um, fusoidventricose to clavate, oftazontaining brownish intracellular pigments.
Pleurocystidia 3655 x 8 12 um, similar to cheilocystidia in shape. Pileipellis an ixosubcutis up to
165 em thick, composd8l om wihder walvewaydhymwhah
yellow extracellular gments, with terminal cells 860 x 47 & m, subcylindrica
Stipitipellis slightly gelatinized, composed of @ e m wi de cyl indrical t G
colorless, pale yellow, or pale brown in water or 5% KOH, terminal celigtllx 46 mg
subcylindrical Clamp connectionareabsent.

Ecology and habitat Solitary or scattered on the ground in broadleaf forest dominated by
Quercussp., currently only known from Shanxi province, northern China.

Other specimens examin&dChina, Shanxi Prance, Yuncheng City, Xia County, Sijiao
Town, on the ground in broadleaf forest dominate®igrcussp., 965.8 m elev, 12 August 2022,
N. Mao, MNM615B (BJTC FM2319B).
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Figure 10 1T Cyanoboletus flavocontextusa Pileipellis. b Basidia. ¢ Cheilocydia.
d Basidiospores Pleurocystidia. Scalebarss<da = 10 & m.

Notei Cyanoboletus flavocontextischaracterized by its brown pileus with yellow context,
glabrous stipe with bright yellow contextand ixosubcutis pileipellis. Cyanoboletus
sinopulverulentusa species recdgt described from Shaanxi Province of northwestern China
(Gelardi et al. 2013), is morphologically and phylogenetically closely related to the new species.
Both all are bolete with reddish brown stipe, yellow tubes, and ixosubcutis pileipellis. However, th
former can be distinguished by dite context of pileus and the evenly dark brown color on both
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pileus and stipeQGelardi et al. 2013Wu et al. 2016a)Cyanoboletuscyaneitinctus(Murrill)

A. Farid, A.R. Franck & J.A. Bolin recently described frorBAJis phylogenetically related tGy.
flavocontextus However, it is easily distinguished from the new species by its predominately
yellow stipe (Farid et al. 2021). In addition, these two species are currently geographically
separated from each othdfyanoboletuscyaneitinctusoccurs in eastern North Americ&y.
flavocontextuss found in northern China.

HemileccinumGut ara, Czech Mycol. 60(1): 52 (2008)
MycoBank numberMB 511891; Facesoffungi number: FoF 14989
Notesi Hemileccinumwas established tocaommodateBoletus impolitudr. and its allies,
which have yellow hymenophore, epithelium to trichodermium pileipellis with broad hyphae, and
irregqgularly warted and pinholed basidiospores
2021). There & about 15 names retained in Index Fungorum, six of which are recorded in China,
i.e. H. abidum Mei Xiang Li, Zhu L. Yang & G. WA, brevisporumMei Xiang Li, Zhu L. Yang &
G. Wu, H. ferrugineipesMei Xiang Li, Zhu L. Yang & G. WuH. parvumMei Xiang Li, Zhu L.
Yang & G. Wu,H. rugosumG. Wu & Zhu L. Yang, andH. indecorumG. Wu & Zhu L. Yang. In
this paper, a known species discovered from Shanxi Province of northern China is documented as
follows.
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Figure 117 Hemileccinum impolituma Pileipellis. bBasidiospores. ¢ Basidia. d Pleurocystidia.
Scale bars:ia = 10e m.

Hemileccinum impolitum( Fr . ) Gutara, Czech Mycol Figs®al 1) :

MycoBank number: MB 511902; Facesoffungi number: FoF 15007

Basidioma mediursized. Pileus 65 mm diamapplanatemargin slightly uplifted greyish
brown (#e2c340; context pale yellow#ffff86), unchanging in color when exposed. Hymenophore
tubulose, depressed aroutte apex of stipe; surface lemon yelldffff86), unchanging in color
when exposed; tubes concolourous with the surface of hymenophore; poresho8tige 38 x 18
mm, central, cylindrical to subcylindrical, solidarrowing at the baseream (#f5fdd2) to pale
yellow (#fbfdbc), lemon yellowat the apex, context pale yellof#ffff86), unchanging in color
when exposedasal mycelium whité#ffffff) . Odor and tastarenot recorded.

Basidiospores [30/1/1] 125 x 56 & m, Q2.72, Q= 2% (x 0.15),fusiform to
fusiform-ellipsoid, sometimes with slight suprahilar depression, pale yellow in water or 5% KOH,
smooth under light microscopy. Basidk8i30 x 91 0 & m, espoeed, atcasionallg-2
spored. Hymenophoral trama nearly phylloporoid type thdivisrgert, with distinct mediostratum
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and densely arranged lateral strdigphae cylindrical3i8e m wi de. Cheil ocystioc
Pleurocytidia sparse, 5®5x 81 2 ¢ m, s malled, lagenifdrrh. Pileipellis an interwoven
trichoderm, composed of more or less vertically arrangedwhited, hyaline or pale brown
hyphae837 e m i n di anmM33naxd86 meayliadricalcCéamp annections arabsent.

Ecology and habitat Solitary or scattered on the ground in Coniferous or broadleaf forest,
currently only known from China.

Specimens examined China, Shanxi ProvinceJincheng City, Qinshui County,
Shangwoquan village, on the gral in broad leaved forest, 1170 m elev, 21 August 2019, H. Liu,
LH724 (BJTC FM696)

Note i Hemileccinum impolitums characterized by its basidiomata unchanging in color
when exposed, greyish brown pileus, habitat associated with broadleaf forests.cfiocofiem
Shanxi Province matched this species (Fig. 1). This species is new to China a@uiranaterial
does not differ significantly morphologically from the European matdti@mileccinum depilatum
(Redeui |l h) GuH. impoktumi Heweei, Hndepilatumdiffers fromH. impolitumby
its wrinkled or hammered pileus and palisadoderm pileip&lis ¢ ar)a 200 8

Hortiboletus Simonini, Vizzini & Gelardi, Index Fungorum 244: 1 (2015)

MycoBank number: MB 551213; Facesoffungi number: FoF 14990

Notesi Hortiboletus(Ho.) was established to accommodBtdetus rubellu«krombh. and its
allies. The genus is morphologically characterized by its pileuswite-redtinge, yellow brown
to redbrown stipe and palisadoderm pileipellis (Gelardi 2009, xfig 2015, Wu et al. 2016a), and
12 species are accepted in Index Fungorum. Five species are cueeathjedn Ching i.e. Ho.
amygdalinusXue T. Zhu & Zhu L. YangHo. arduinusN.K. Zeng, H.J. Xie & W.F. LinHo.
napaeudN.K. Zeng, H.J. Xie, S. Jian§ Zhi Q. Liang, Ho. rubellus(Krombh.) Simonini, Vizzini
& Gelardi, andHo. subpaludosu$W.F. Chiu) Xue T. Zhu & Zhu L. Yang (Li & Song 2008/u et
al. 2016a,Xie et al. 2020 In this paper, two new species discovered from Shanxi Province of
northern Chna are described as follows.

Hortiboletusrufosquamosud.. Fan, N. Mao & T.Y. Zhacsp. nov. Figs 9ie, 12

MycoBank numberMB 850262 Facesoffungi number: FoF 15008

Etymologyi rufosquamosusrefers to theed squamulesn the surface of pileus.

Typification i China, Shanxi ProvinceChangzhi City, Qinyuan County, Likgngshan
Mountains, on the ground in broadleaf forest dominate@ubgrcussp., 1510 m elev, 15 August
2022, N. Mao, MNM714 (holotype BJTC FM2687). GenBank: ITS = OR655155; nrLSU =
OR655191tefl= OR659992rpb2 = OR659943.

Basidiomata small to mediusized. Pileus I8 mm diam; hemispherical to convexaat
young age, then broadly convex to applanate, sometimes slightly depiressedcenter; surface
dry, distinctly cracked at matity, densely covered with red (#e2928@ark red (#d6855f) to
reddish brown (#b9854b) squamules; context up to 7 mm thick, solid, pale yellow (#eOda5f),
turning Hue (#63a9b4)when exposed. Hymenophore tubulose, adnatesinuate,sometimes
depressed aund the stipe; surface bright yellow (#fbf966)aatoung age, then yellowish brown
(#e6c801) with age, turning bl &63a9b4)when exposed; tubes concolorous with hymenophore
surface, 810 mm long; poreangularor subround, 12 mm diam. Stipe 207 x 4 18 mm, central,
cylindrical to subcylindrical, solidequal or slightly enlarged downward; apical part yellow
(#feff6e0), middle part yellowishrown (#dlallb) a young age, then red (#d3ad4e) to dark red
(#a47c59) with age, basal part white (#dfebeayremam white (#cee5e4), longitudinally fibrillose;
context pale yellow (#faf992unchanging in color when exposdthsal mycelium whitish. Odor
and tastearenot recorded.

Basidiospores [120/2/6] (10117 14.5(17) x 56.5(7) e m, KRQ2i2z4(4.64), @ 3
2.16 (x 0.18), subfusiform to fusiform in side vievith slight suprahilar depression, subfusoid in
face view, pale yellow to yellowish brown in water or 5% KOH, smooth. BasidiaB812 16
€ m, c | -aporadt cecsiondlly 2spored. Hymenophoral trama bolettyge, that idiverge,
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with distinct mediostratum ankbosely arranged lateral strathyphae cylindrical, 8 e m wi de.
Cheilocystidia 4568 x 81 3 & m, narr owl y -geathicbsa, palefyellowmwateo f u s
or 5% KOH, thinwalled, smooth, without encrustation. Pleurocystidia9®0x 717¢ m, narr owl
subfusiform, hyaline or pale yellow in water or 5% KOH, thialled, smooth, without
encrustation. Pileipellis palisadoderm consisting of verticallranged, yellowish brown, more or

less broadened and often incrusted hyphal elements; terminal cEH8(&R.5) x 6.515( 18)

pum, which are subcylindrical tolavate, with obtuse apex cylindrical. Stipitipeligmeniform,

with caulocystidia 3173 x 8 13 pum, subfusiform to fusoid, covered with pale yellow to pale
brown extracellular pigmenta water or 5% KOHClamp connections agbsent.

DAY
il
450 )l

&
Figure 1271 Hortiboletus rufosquamosua.Pileipellis. b Basidia. ¢ Caulocystidia. d Pleurocystidia.
e Basidiospres. f Cheilocystidia. Scale barsfa = 10 & m.
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Ecology and habitat Solitary or scattered on the ground in broadleaf forest dominated by
Quercusspp., currently only known from Shanxi Province, northern China.

Other specimens examindd China, Shanxi Rwince, Changzhi City, Qinyuan County,
Lingkongshan Mountains, on the ground in broadleaf forest dominaté@ubycussp., 1540 m
elev, 15 August 2022, J.C. LV, LJC300 (BJTC FM2648id, 1510 m elev, 15 August 2022, J.C.
LV, LJC303 (BJTC FN652; ibid,, 1450 m elev, 15 August 2022, J.C. LV, LJC311 (BJTC
FM2660);ibid,, 1510 m elev, 15 August 2022, N. Mao, MNM707 (BJTC FM2680); Jinzhong City,
Heshun County, on the ground in broadleaf forest dominated Quercus sp.,

H. Liu, LH1615 (BJTC FM2692). Jincher@jty, Qinshui County, on the ground in mixed forest,
1770.3 m elev, 11 August 2022, N. Mao, MNM602 (BJTC FM2290).

NoteT Hortiboletus rufosquamosus characterized by its distinctly crackpdeus densely
covered with reddark red to reddish brown squal@s, multicolored stipe with longitudinally
fibrillose, and relatively larger basidi#lortiboletus kohistanensié. Naseer, S. Sarwar & A.N.
Khalid is phylogeneticallyclosely related to the new species. Th&tipe is all covered with
longitudinally fibrillose and both are all distributed in Asia. Howevétp. kohistanensids
distinguished fromthe new species by itpileal context and hymenium turning browvhen
exposed, andelatively smalletbasidiospores {41 x45. 3 e m) ( Naseerortlet al
AmericanHo. rubellusis morphologically similar to the new species. Both of them are actually
difficult to separate from each other by morphology aldiatling 1970 Bessette et al. 2017)he
potential diagnostic feature might be the basidiospbepe that is ellipsoid ifHo. rubellus but
subfusiform to fusiform in the new species. Moreowéw, rubellus often appears in city gardens
and disturbed environments, ke new speciegrows only in natural forest associated with oaks
according to curmat dataHortiboletusnapaeusrecently described from Hainan Province, southern
China,is somewhat similar tblo. rufosquamosus stipe covered with longitudinally fibrillose and
stipe context unchanging in color when expod¢olwever,Ho. napaeuds different in pale brown
to brown stipe, smallebbasidiospores {41 x 45 ) ¢ msmallarbadidia (2035 x 914 ¢ m)
(Xie et al. 2020).

Hortiboletustomentosud.. Fan, N. Mao & T.Y. Zhaosp. nov. Figs ¢, 13

MycoBank numberMB 850263 Facesoffungi numbeFoF 15009

Etymologyi tomentosusrefers to thdine hairson the surface of pileus.

TypificationT China, Shanxi Provincdincheng City, Qinshui County, Shangchuan Village,
on the ground in broadleaf forest dominatedQuercussp., 1770 m elev, 11 August 2022, N.

Mao, MNM60LA (holotypeBJTC FM2289A). GenBank: nrLSU = OR655198f1= OR659994;
rpb2 = OR659945.

Basidiomata small to mediusized. Pileus %8 mm diam; broadly convex atyoung age,
then gradually applanate with margin turning upwards with age; surface dry, finely temdivier
brown (#905021) to dark regrown (#6c442b); context up to 9 mm thick, solid, pale yellow
(#f6f493),unchanging in color when exposddlymenophore tubulose, adnabedecurrent; surface
bright yellow (#f6f493) to yellow (#eae069)nchanging in alor when exposedubes concolorous
with hymenophore surface, up to 8 mm long; pamegularor subround, 12 mm diam. Stipe 35
58 x @10 mm, central, cylindrical to subcylindrical, solequal; yellow (#fdf4be) to yellowish
brown (#cbae80), longitudingl fibrillose; context pale yellow (#fdf8c8)unchanging in color
when exposedasal mycelium whitish. Odor and tasteenot recorded.

Basidiospores [120/2/6] (10.5.1i 13 x 45505 . 5) & mij2.78Q Q= 2.25.(80.15),
subfusiform to fusiform in sie viewwith slight suprahilar depression, subfusoid in face view, pale
yellow to yellowish brown in water or 5% KOH, smooth. Basidia&8x 1113(14) € m, cl a\
4-spored, occasionally-2oored, sterigmatait6 e m | ong. Hy me n o qypeghata | tr
is divergert, with distinct mediostratum arldoselyarranged lateral stratyphae cylindrical,

e m w(Chkicystidiab585x91 3 & m, narr owl y -geotiichse, palefyalowm t o
or pale brown in water or 5% KOH, thimalled, smodt, without encrustation. Pleurocystidia
similar to cheilocystidia in shape and size. Pileipellipaisadoderm consisting of vertically
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arranged, yellowish brown, more or less broadened and often incrusted hyphal elements; terminal
cells 1340 x 11 14( 21.5) um, subcylindrical telavate, with obtuse apex cylindrical. Stipitipellis
hymeniform, with caulocystidia 365 x @ 15 um, subfusiform to fusoid, covered with pale yellow

to pale brown extracellular pigmentswater or 5% KOHClamp connectionarealsent.

i
(A
ool

Figure 131 Hortiboletustomentosusa Pileipellis. b Basidia. ¢ Cheilocystidia. d Caulocystidia.
e Basidiospores. f Pleurocystidia. Scale bdare:a= 10 & m.

o
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Ecology and habitat Solitary or scattered on the ground in broadleaf forest domirmted
Quercusspp., currently only known from Shanxi Province, northern China.

Other specimens examindd China, Shanxi ProvinceJincheng City, Qinshui County,
Shangchuan Village, on the ground in broadleaf forest dominat€liescussp., 1770 m elev, 11
August 2022, N. Mao, MNM60GB (BJTC FM2289B).

Notei Hortiboletustomentosuss characterized by itsasidiomatainchanging in color when
exposed|iver brown and tomentose pileudortiboletustomentosusvas phylogenetically sister to
Ho. amygdalinus a new species found in Yunnan Province, southwestern Chioaever,Ho.
amygdalinudiffers from Ho. tomentosudy its hymenophore turning blue quickly when exposed
and smaller pores (0.5 mm dian) (Wu et al. 2016a). Another new speciés rufosquamosum
this study which was also collected in Shanxi Province, is similar o. tomentosusin
morphology but itis distinguished by its basidiomata turning blue when bruised.

LeccinumGray, Nat. Arr. Brit. Pl. (London) 1: 646 (1821)

MycoBank numberMB 17918; Facesoffungi number: FoF 14991

Notesi Leccinumwas established to accommod8&eletus aurantiacusull. and its allies,
which have whitish hymenophore turning brownish to blackish when exposed, brown to blackish
squamules or dots and longitudinal edgon the surface of the stipe, and comparatively longer
smooth basidiospores (Wu et al. 2016a, Meng et al. 2021, Wang et al. 2023). A total of 11 species
of Leccinumare currently recorded in Chinge. L. alboumX. Meng, Yan C. Li & Zhu L. Yang,
L. aurantiacum (Bull.) Gray, L. melaneum(Smotl.) Pilat & DermekL. pallidocastaneunP.M.
Wang, X. Meng, Zhu L. Yang & Yan C. LL. parascabrunX. Meng, Yan C. Li & Zhu L. Yang,
L. phaeocarpuniP.M. Wang, X. Meng, Zhu L. Yang & Yan C. i, pseudoborneens¢. Meng,
Yan C. Li & Zhu L. YangL. scabrum(Bull.) Gray, L. schistophilunBon, L. subleucophaeumar.
minimumZ.S. Bi andL. versipelle(Fr.) Snell. In this paper, two known species discovered from
Shanxi Province of northern China are documented as follows.

Leccinumcf. aurantiacum (Bull.) Gray, Nat. Arr. Brit. Pl. (London) 1: 646 (1821)
Figs 9i h, 14

MycoBank number: MB 101071; Facesoffungi number: FoF 15010

Basidiomata small to mediugized. Pileus 298 mm diam, convex & young age,hen
broadly convex, deflexed margin extending over tubes with irregularly shaped flaps; surface
yellowish brown(#dabcaQ) orangered (#e1b297)to reddishbrown (#fd825f) context up to 16
mm thick, solid, white(#d4dddc) unchanging in color when exposddymenophore tubulose,
adnate, surface greyish whit¢d7eef0) turning brownish grey#e3dfca)when exposed; tubes
concolorous with hymenophore surfacg to 16 mm long. Stipe Y@30 x 1119 mm, central,
cylindrical, solid, equal or slightly enlarged dowards, white(#fcfcfa) at first, then turning
yellowish brown(#c8clae)with age; surface covered with yellowish bro{#b0978e) orange
brown (#8b7053)to black(#2c160d)squamules over the stipe, sometimes reticulate; context white
(#d9effc) sometimegurning blue(#afdff3) when exposedBasal mycelium whitg¢#ffffff) . Odor
and tastearenot recorded.

Basidiospores [120/2/3] (11)126 x 45 & m, Q2.6:3.2¢ 3256)4Qy = 2.88 (+ 0.25),
subfusiform to fusiform with slight suprahilar depressionloyeish in water or 5% KOH smooth.
Basidia 2333(135) x 912(1 3) & m, hyalihedowellowash in water or 5% KOH;spored,
occasionally 2 or 3-spored. Hymenophoral trama bolettygpe, that isdivergen, with distinct
mediostratum antboselyarrarged lateral straiehyphae cylindrical,’5L 0 & m Cheilodystidia
41156 x 914311 7) e m, subfusi for m, f usi dwaledmsmeooth. | ag
PleurocystidiaB8i 58 x 9 13, similar to cheilocystidia in shapeileipellis a trichoderm, compoge
of cylindrical hyphae, terminal elementsid8 x 81 1 ¢ mwalldd,haiways with pale brown to
pale yellow extracellular pigmentSaulocystidia 3060x122 4 e m, | ageni form to
Clamp connections aabsent.
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Figure 1471 Leccinumcf. aurantiacum a Pileipellis. b Basidiospores. ¢ Basidia. d Cheilocystidia.
e Pleurocystidia. CaulocystidiaScale barsiial = 10 & m.

Ecology and habitait Solitary or scattered on the ground in broadleaf forest or coniferous
and broadleaf mixed forestygently knownin China, Europe and North America.

Specimens examingdChina, Shanxi Provincéjuozhou City, Qiliyu Village, on the ground
in mixed forest, 1810 m elev, 29 July 2021, N. Mao, CF1211 (BJTC FM1927); Linfen City, Pu
Village, Wulu Mountains, o the ground in broadleaf forest dominated @yercussp., 1510 m
elev, 9 August 2022, J.C. Lv, LJC163 (BJTC FM2194id., 1512.7 m elev, N. Mao, MNM660
(BJTC FM2419); Lvliang City, Fenyang County, on the ground in broadleaf forest dominated by
Quercussp., 1400 m elev, 1 September 2022, J.Z. Cao, CF1146 (BJTC FM2742).

Notei Leccinumcf. aurantiacumdesignated here for these Shanxi samplings is mainly based
on their similarity toL. aurantiacumin morphologyi,i.e. typically reddish cap and distinct scabe
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on the stem surface. It is notable that the discoloration of the context has not been observed from
these specimens, and all the samples grow exclusively in the Qaksc(sspp.), therefore, it is
different from the current concept af aurantiacum(Das & Chakraborty 2014). However, our
present phylogenetic analysis cannot separate these Shanxi samplés &orantiacumand its

allies (Fig. 1). Considering the fact that the authentic DNA data includtgy tefl, andrpb2 from

L. aurantiacumis still in question, wedesignate these Shanxi specimensLascinum cf.
aurantiacumfor the time being. This species is frequently encountered under oaks from Summer to
early Autumn in Shanxi Province, and its distribution almost completely overlapped with
Villoboletus persicinuk. Fan & N. Maqg a species probably native to Shanxi Province, in central
region.

Leccinumcf. scabrum(Bull.) Gray, Nat. Arr. Brit. Pl. (London) 1: 647 (1821)
Figs 9il, 15

MycoBank number: MB 100712; Facesoffungnmoer: FoF 15011

Basidiomata small to mediusized. Pileus 3505 mm diam, convex to broadly convexaat
young age, then gradually applanate; surface dry, pale Q@sd6), yellowish brown(#f1c49d)
brown (#a47163)to dark brown(#674d4e) context up @ 16 mm thick, solid, whitg#ffffff) ,
unchanging in color when exposed. Hymenophore tububmeate, surface white greyish white
(#eldbda)at first, then turning brownish gref#flc49d) with age; tubes concolorous with
hymenophore surfacelp to 18 mm lag; poresangular or subroundstipe 5713.5 x § 35 mm,
central, cylindrical, solid, equal or slightly enlarged downwards, white to b(@acab88)surface
covered with blackisl{#6b5439)to brownish(#77653e)squamules over the stipe; context white
yellow (#d4d3b1l) unchanging in color when exposdgiasal mycelium white. Odor and taste
not recorded.

Basidiospores [120/2/3] 120 x 46 . 5 & m,13.1®, Qz= 22.(90.27), subfusiform to
fusiform with slight suprahilar depression, yellowishwateror 5% KOH smooth. Basidia 2211
x 915 €& m, hydine voayellewish in water or 5% KOHI-spored, occasionally-2r 3
spored. Hymenophoral trama bolettyghe, that isdivergen, with distinct mediostratum and
looselyarranged lateral stratayphae cylindrical, 41 1 ¢ m Cheilodystidia34i162x91 3 €& m,
subfusiform, fusiform to lageniform, hyaline, thivaelled, smooth. Pleurocystidia similar to
cheilocystidia in shape and size. Pileipellis a trichoderm, composed of interwoven hyghaes3m
wide, smooth, thirwalled, always with pale brown to pale yellow extracellular pigments, terminal
cells25/50x912¢ m, -wahed, mlways with pale brown to pale yellow extracellular pigments.
Caulocystidia 3878x1219 e m, | ageni f orGampconnectiorss arabseat, hy al i

Ecology and habitat Solitary or scattered on the ground in coniferous forest or coniferous
and broadeaved mixed forest, currently knoumChina, Europe and North America.

Specimens examined China, Shanxi ProvinceXinzhou City, Wutai County, Wutai
Mountains, on the ground in broadleaf forest dominatedétyla sp., 2000 m elev, 26 August
2019, Y. Shen, SYM039 (BJTC FM817); Taiyuan City, Loufan County, on the ground in broadleaf
forest dominated bf?opulussp., 10 Septembei020, H. Liu, LH1296 (BJTC FM1462); Huozhou
City, Qiliyu Village, on the ground in mixed forest, 1850 m elev, 29 July 2021, N. Mao, CF1206
(BJTC FM1923)jbid., on the ground in broadleaf forest dominatedduercussp., 1870 m elev, 7
August 2022, N. MaoMNM513 (BJTC FM2119); Linfen City, Pu County, Wulu Mountains, on
the ground in broadleaf forest dominated@yercussp., 1760 m elev, 13 August 2022, J.C. Lv,
LJC247 (BJTC FM2336)jbid., 1508.1 m elev, 26 August 2022, N. Mao, MNM787 (BJTC
FM2601); Changai City, Qinyuan County, Lingkong Mountains, on the ground in broadleaf forest
dominated byQuercussp., 2091.5 m elev, 15 August 2022, N. Mao, MNM694 (BJTC FM2667);
Linfen City, Pu County, Wulu Mountains, on the ground in broadleaf forest dominat@degus
sp., 7 September 2022, J.Z. Cao, LH1680 (BJTC FM2721); Lvliang City, Jiaocheng County,
Pangquangou, Guandi Mountains, on the ground in broad leaved forest, 7 September 2017, J.Z.
Cao,CA0170845 (BJTC FANM253)
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Figure 157 Leccinumcf. scabruma Pleipellis. b Cheilocystidia. ¢ BasidiosporesCdulocystidia.
e Basidia. f Pleurocystidia. Scale baiscda = 10 € m.

Note i Leccinumcf. scabrumdesignated here may represent a species complex by Shanxi
samples. These specimens under this name are edll&oim different forest types, respectively
dominant with birch Betulaspp.), aspenRopulusspp.) and oakQuercusspp.), which is clearly
different from one of the key identification featuresLofscabrumi.e. an association with birth
(Bessette etla2017). Our molecular phylogenetic analysis did not resolve Shanxi samples into
different species based on different host, and they also cannot be separated welldcatrum
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and its allies (Fig. 1). Considering the fact that the authentic DNA deliading LSU, tefl, and
rpb2 from L. scabrumis still in question, welesignate our specimenslasccinumcf. scabrumfor
the time being.

NeoboletusGelardi, Simonini & Vizzini, Index Fungorum 192: 1 (2014)

MycoBank number: MB 550769; Facesoffungi numiet 14992

Notesi Neoboletuswas established to accommoddseletus luridiformisRostk. and its
allies. Morphologically, this genus is characterized by stippdeate or sequestrate basidiomata;
and when basidiomata are stipitpiteate, which is diagosed by yellowolive tubes, stipe surface
usually covered with punctuations, turning blue quickly when exposed, ellifpsofdrm
basidiospores, and trichodermal pileipellis (Vizzini 2014c, Urban & Klofac 2015, Wu et al. 20164,
Chai et al. 2019, Gelardit al. 2019, Jiang et al. 2021, Wu et al. 2023). There are about 23 names
retained in Index Fungorum, sixteen of whate recordedin Ching i.e. N. brunneissimugW.F.
Chiu) Gelardi, Simonini & Vizzini,N. brunneorubrocarpuss. Wu, Hai J. Li & Zhu L. Yag,
N. ferrugineus(G. Wu, Fang Li & Zhu L. Yang) N.K. Zeng, H. Chai & Zhi Q. Liany, flavidus
(G. Wu & Zhu L. Yang) N.K. Zeng, H. Chai & Zhi Q. Liandly, hainanensigT.H. Li & M. Zang)
N.K. Zeng, H. Chai & Zhi Q. LiangN. infuscatusN.K. Zeng, S. Jiagp & Zhi Q. Liang,
N. magnificus(W.F. Chiu) Gelardi, Simonini & VizziniN. multipunctatusN.K. Zeng, H. Chai &
S. JiangN. obscureumbrinugHongo) N.K. Zeng, H. Chai & Zhi Q. Liangy. rubriporus (G. Wu
& Zhu L. Yang) N.K. Zeng, H. Chai & Zhi Q. Liandy. sanguineoide$G. Wu & Zhu L. Yang)
N.K. Zeng, H. Chai & Zhi Q. Liang\. sanguineG. Wu & Zhu L. Yang) N.K. Zeng, H. Chai &
Zhi Q. LiangsN. sinensiqT.H. Li & M. Zang) Gelardi, Simonini & VizziniN. thibetanugShu R.
Wang & Yu Li) Zhu L. Yang, BFeng & G. WuN. tomentulosugM. Zang, W.P. Liu & M.R. Hu)
N.K. Zeng, H. Chai & Zhi Q. LiangandN. venenatuss. Wu & Zhu L. Yang. The following new
species is the seventeenth found in China.

Neoboletuscinnamomeud.. Fan, N. Mao & T.Y. Zhaosp. nov. Figs16a, 17

MycoBank number: MB 850264; Facesoffungi number: FoF 15012

Etymologyi cinnamomeusrefers to theverall cinnamon brown tors basidiomata.

Typification i China, Shanxi Provincelincheng City, Qinshui County, Tuwo Township,
Shamwoquan Village, on the ground in broadleaf forest dominate@umrcussp., 1168 m elev,
24 August 2020, H. Liu, LH1073 (holotype BJTC FM1055). GenBank: ITS = OR655157; nrLSU =
OR6552007pb2 = OR659952.

Basidiomata small to mediusized, overallwith acinnamon brown tone. Pileusi3& mm
diam.; hemispherical, convex to broadly convex; surface dry, finely tomentose, brown (#b47e52) to
grey brown (#7a583f), dark brown (#af8266) at center, paler towards margin; context up to 6 mm
thick, solid, pale yellow#ebb626)turning blue (#007fb1yvhen exposed. Hymenophore tubulose,
adnate; surface yellow (#ffd240) tgellow-brown (#93540c), turning blue (#3e82b9) when
exposed; tubes yellow (#ffd240), up to 8 mm long; pores stuffed in early stages, then angular or
subround, 0.51 mm diam. Stipe 5B0 x 812 mm, central, cylindrical to subcylindrical, solid,
equal or slightly enlarged downward, usually flexuous, yellow (#ffd665) to yellowish brown
(#9d7224); surface covered with fine yellowish brown (#9d7224) scategext pale yellow
(#fdea76) turning dark blue (#005889) when exposBdsal mycelium brown. Odor and taste
not recorded.

Basidiospores [120/2/6]10.5)11i12.5(13) x 56 & m, QN2r2.4,(QL = 8.8 (£
0.14), fusiform to ellipsoid in side view, sometimes with slight suprahilar depression, ellipsoid in
face view, pale yellow to yellowish brown in water or 5% KOH, smooth. Basidi&®8& 9.5 12
em, c | -aporadt accasiodally-2pored. Hymenophoral trama boletoid type thativergen,
with distinct mediostratum ankbosely arranged lateral strgt@ayphae cylindrical, B e m wi de.
Cheilocystidia 3546 x 81 0 €& m, | a g e nveritriesemhyaline orfpalesyellowdin water
or 5% KOH, thinwalled, smooth, without encrustation. Pleurocystidia #3855 8.51 2 . 5 & m,
similar to cheilocystidia in shape, hyaline or pale yellow in water or 5% KOHwtailed, smooth,
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without encrustation. Pilegllis a trichoderm, composed of more or less vertically arranged, pale
yellowish brown in KOH, thiavalled hyphae 3% e m di a m, t B30 m4d6 pnh, c el
subcylindrical toclavate. Stipitipellisa hymeniform, with caulocystidia 332 x 1116 um,fusoid,
thin-walled.Clamp connections aabsent.

Figure 167 Fresh basidiomata of Boletaceae speci®dse@boletus cinnamome(BJTC FM1055).
b-c Retiboletus tingigriseuBJTC FM1736, BJTC FM2269).i @ Rubroboletus reticulatu@BJTC

FM1784, BJTC FM1077)t Strobilomyces strobilaceU8JTC FM1059). ¢i Suillellus olivaceus
(BJTC FM1874, BJTC FM2128, BJTC FM228§)L Suillellus yunnanensi®8JTC FM1814, BJTC
FM2334, BJTC FM2337)Scale bars:id = 2 cm.
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Figure 171 Neoboletus cinnamomeus.Pileipellis.b Basidia. ¢ Pleurocystidia. d Cheilocystidia.
e Basidiospores. f Caulocystidia. Scale bars:a= 10 ¢ m.

Ecology and habitat Solitary on the ground in broadleaf forest dominatedlgrcusspp.,
currently only known from Shanxi Province, northern @hin

Note i Neoboletuscinnamomeuss characterized by its brown pileus, yellow yellow-
brown hymenophore, stipe covered with firyellowish-brown scales, turning dark blue when
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exposed.Neoboletusthibetanusis phylogenetically closely related to the nepecies. But both
species are easily distinguished by the colopitgus, which islight greenyellow, coral red to
greyish yellowin N. thibetanus but brown to dark brown imN. cinnamomeugWang et al. 2014).
Morphologically, N. multipunctatus known flom tropical fores in Hainan Province of southern
China Chai et al. 201p is similar toN. cinnamomeuas both of the two species have brown pileus
and scales on stipe surface. Howewermultipunctatushas smaller basidiospores (813 x 45

€ m) dropttal lzbit, distinguishing from N. cinnamomeus

RetiboletusManfr. Binder & Bresinsky, Feddes Repert. 113: 36 (2002).

MycoBank numberMB 28725; Facesoffungi number: FoF 14993

Notesi Retiboletuswas established to accommod&eletus ornatiped?eckand its allies.
The genus is morphologically characterized by its black, dark grey, mustard yellow ebrolve
pileus, greyish or yellow hymenophore, unchanging in color when exposed, reticulate stipe,
ellipsoid to subfusoid basidiospor@&inder & Bresinsky 2002Wu et al. 2016a, Zeng et al. 2016,
2018, Badou et al. 2018, Liu et al. 2020,&iYang 2021,Li et al. 2022. There are about 17
species accepted iRetiboletusin Index Fungorum, seven of which amecordedin Ching i.e.
R. aterYan C. Li& T. Bau, R. brunneolusYan C. Li & Zhu L. YangR. cyanescen¥an C. Li &
Zhu L. Yang,R. fuscus(Hongo) N.K. Zeng & Zhu L. YandR. nigrogriseusN.K. Zeng, S. Jiang &
Zhi Q. Liang,R. pseudogriseudl.K. Zeng & Zhu L. Yang, an®R. zhangfeiiN.K. Zeng & Zhu L.
Yang (i & Yang 20211 et al. 2022). The following new species is the eighth found in China.

RetiboletugtingigriseusL. Fan, N. Mao & T.Y. Zhaasp. nov. Figsl1l6b c, 18

MycoBank numberMB 850265 Facesoffungi number: FoF 15013

Etymologyi tingigriseus refers to theverall grey ton®f basidiomata.

Typification China, Shanxi Provincdincheng City, Qinshui County, Shangchuan Village,
on the ground in coniferous and brdadved mixed forest dominated Bynus sp. andQuercus
sp., 1760m elev, 11 August 2022, J.C. Lv, LJC1073 (holotype BJTC FM2269). GenBank: nrLSU
= OR655203tefl= OR660002rpb2 = OR659955.

Basidiomata small to mediugized Pileus 5175 mm diam; broadly convex to applanate;
surface dry, finely subtomentose, greyishvimmo(#cecac?2) at first, then brown grey (#cbcac6) to
dark grey (#67695d); context up to 11 mm thick, solid, white (#ffffff) to pale yellow (#e5efdf),
unchanging in color when exposed. Hymenophore tubulose, adnate; surfacewreta{yfffdd0)
to pale yelbw (#e3e7d2) adyoung age, then brown (#c9a379) with age, unchanging in color when
exposed; tubes concolorous with hymenophore surfa®@ i long; pores angular to roundish,
1i2 mm wide. Stipe 61100 x 916 mm, central, cylindrical to subcylindricalplgl, equal or
slightly enlarged downward, greyish brown (#9f8a82) to brown (#a99b82); surface covered with
distinct brown (#9e9087) to black brown reticulum (#6c5f5¢), sometimes covered with brown
(#63503b) granular squamules the lower part; context wh (#ffffff) to pale yellow (#fdfef0)
unchanging in color when exposeBasal mycelium white (#ffffff). Odor and tastere not
recorded.

Basidiospores [60/2/2] 124 x 3.54 . 5 & mi, 3.5 @v =3.23 (+ 0.19)subfusiform to
narrow fusiform in side vie, sometimes with slight suprahilar depression, oblong to narrow
ellipsoid in face view, pale yellow to yellowish brown in water or 5% KOH, smooth. Basitg&825
x 812 &m, espoeed, adcasipnally-ored. Hymenophoral trama boletoid type that is
divergen, with distinct mediostratum andosely arranged lateral strgthyphae cylindrical, 137
em wi de. Chedrxdt9stmdi auBf uwentficosewith & long pgedicelp i d
usually containing yellow to brownish yellow pigments, thidled. Pleurocystidia 4467 x 9
14.5 em, s ub f-vestricdse sometites with a Bray ipeatlicel, tvalled. Pileipellis a
trichoderm 1001 6 0 e m t hi ck, C 0 mp o0 s eldowmihtervioven fileamentols t o
hyphae 561 0 e m i n dlicellsm242 ¥k 8 Y0 mr, subcylindrical telavate. Stipitipellis
a hymeniform, with caulocystidia 260 x 8 14 um,fusoid, thirwalled. Stipe trama composed of
parallel hyphaeil 1 ¢ m Clampdcennections aabsent.
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Ecology and habitat Solitary onthe ground in broadleaf forest dominatedQuyercusspp.,
currently only known from Shanxi Province, northern China.

Figure 181 Retiboletus tingigriseusa Pileipellis. b Basidia. ¢ Pleurocystidia. d Cheilocystidia.
e Basidiospores. f Caulocystidiacale bars:id= 10 & m.

Other specimens examingd China, Shanxi ProvincelJincheng City, Qinshui County,
Shangchuan Village, on the ground in coniferous and biemacd mixed forest dominated by
Pinussp. andQuercussp., 1760 m elev, 24 July 2021, N. Mao, MNM334 (BJFM1736);ibid,
24 July 2021, N. Mao MNM375 (BJTC FM1797).
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Note i Retiboletustingigriseusis characterized by itgreyish brown to dark grey pileus,
hymenophore with brown tones when matigtgpe covered with distinct brown to black brown
reticulum, reaitively narrow basidiosporefetiboletustingigriseuswas phylogenetically closely
related to both oR. cyanescenandR. brunneolus two Chinese species described fr¥unnan
Province in southwestern China. And the three species all havetogrey pileis. However,

R. cyanescenss distinguished from the new species by its white hymenophore (without brown
tones), stipes covered only with reticulations and without scales on the lower part, staining
indistinct blue in the middle parshorter and broadéasidiospores (IA3 x 45 pm, Qav = 2.6

(Li et al. 2022);R. brunneolusby its hymenophore dingy white to greyish white when mature,
broadetasidiospores (102.5 x 4.55 pm, Qav= 2.27) (Li & Yang 2021).

RubroboletusKuan Zhao & Zhu L. Yang, PhytotaXa8(2): 67 (2014)

MycoBank number: MB 809235; Facesoffungi number: FoF 14994

Notesi RubroboletugRu) was established to accommod&eletus sinicusV.F. Chiuand
its allies. The genus is morphologically characterized by its regdesiis, orangeed b blood red
hymenophore, stipe covered with reticula or spots, and an interwoven trichodermal pileipellis
(Zhao et al. 2014b, Tibpromma et @017, Zhao & Shao 2017)There are about 18 species
retained in Index Fungorum, six of whiele recordedin Ching, i.e. Ru esculentuKuan Zhao,
H.M. Shao & Zhu L. YangRu flammeudN.K. Zeng, X. Zhang, W.Q. Qin, Z.Q. Liang& R. Tian,
Ru flavus G.Wu & Zhu L. Yang,Ru latisporusKuan Zhao & Zhu L. YangRu serpentiformis
G. Wu, Hai J. Li & Zhu L. Yang, anBu sinicus(W.F. Chiu) Kuan Zhao & Zhu L. Yangkao et
al. 2014, Zhao & Shao 2017, Wu et al. 2023 he following new species is the seventh found in
China.

RubroboletusreticulatusL. Fan, N. Mao & T.Y. Zhacsp. nov. Figsl6d e, 19

MycoBank numberMB 850266; Facesoffungi numbéioF 15014

Etymologyi reticulatus, refers to theeticulumon the upper part of stipe surface.

Typification i China, Shanxi Provincelincheng City, Qinshui County, Tuwo Township,
Shangwoquan Village, on the ground in lmtdaaved forest dominated IQuercussp., 1090 m
elev, 26 July 2021, N. Mao, MNM357 (holotype BJTC FM1784). GenBank: ITS = OR655160;
nrLSU = OR655205tefl= OR660004rpb2 = OR659957.

Basidiomata small to larggzed. Pileus 33125 mm diam.; hemisphericéd convex ata
young age, then broadly convex to applanate with age; surface pale red (#ff7c8a), yellow red
(#ff7c69) to scarlet red (#8a0918); context up to 15 mm, yellow (#ffffed), turning blue (#ade6f9)
quickly when exposed. Hymenophore tubulose, ajrsadmetimes depressed around apex of stipe
when mature; surface red (#ee626d), oramge (#f26e45) to orange (#el1604a), turning blue
(#ade6f9) quickly when exposed; tubes concolorous with hymenophore surface, up to 7 mm long;
pores roundish, 0i®.4 mm dam. Stipe 50100 x 18 33 mm, central, cylindrical to subcylindrical,
solid, often gradually enlarged or clavate towards the base, sometimes also obese, not rooting,
orangeyellow (#elbf80), orangeed (#el7d47) to red (#dc746e); surface covered with fine
reticulum on the upper part; context yellow (#e4f6ctlrning blue (#659e80) quickly when
exposedBasal mycelium white. Odor and tasteenot recorded.

Basidiospores [60/2/3] (10111 13(G13.5) x 45(15 . 5) & mi2.78QQv= 2.47 (+2.18),
subfusiform to fusiform in side view, sometimes with slight suprahilar depression, fusiform in face
view, pale yellow to yellowish brown in water or 5% KOH, smodhsidia 2739 x (9)10i 12(i
14) € m, -Spdreal,voachsenally-@pored, sterigmataid8 e m | ong. Hy menop
boletoidtype, that isdivergen, with distinct mediostratum ankbosely arranged lateral strata
hyphae cylindrical, B39 e m wi bbaeystidia @iddix 68 & m, narrowly | a
lageniform, hyaline, thitwalled. Pleurocystidia 467 x 91 4 . 5 ¢ m to cheilogystidiaaim
shape, thirwalled. Pileipellis an interwoven trichoderm, composed of more or less vertically
arranged thirwalled, hyaline or pale brown filamentous hyph&a® 3 ¢ m i n di am. , t €
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12134 x 36 um, subcylindrical talavate. Stipitipellisa hymeniform, with caulocystidia 250 x
91 11 um,fusoid, thinwalled.Clamp connections agbsent.

Ecology and habitai Solitary or scattered on the ground in broadleaf forest dominated by
Quercussp., currently only known from Shanxi province, northern China.

I
QQQ@‘

Figure 197 Rubroboletus reticulatusa Pileipellis. b Basidia. ¢ Pleurocystidia. d Cheilocystidia.
e Basdiospores. f Caokystidia. Scale barsih = 10 & m.

f

Other specimens examinédChina, Shanxi Provincdjncheng City, Qinshui County, Tuwo
Township, Shangwoquan Village, on the ground in broad leaved forest dominafaeetoussp.,
1170 m elev, 25 August 2020, J.C. ILKH1095 (BJTC FM1077)ibid, 1090 m elev, 25 July 2020,
H. Liu, LJC042 (BJTC FM1812).
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NoteT Rubroboletus reticulatuss characterized by it®d pileus, oranggellow to orange
red stipe covered with fine reticuluam the upper part, and habitat associatét Quercus Both
of the EuropearRu. dupainii (Boud.) Kuan Zhao & Zhu L. Yangnd the ChinesRu latisporus
are highly similar and closely related to the new species in morphology and phylétgevsver,
both of the two species can be separated framtw species by their slinwscid pileus when
fresh and the stipe with punctate ornamentations rather than reticulate ones (Zhao etbal. 2014
Bessette et al. 201,7)n addition microscopically,Ru. dupainii is distinguished from the new
species by itsnconspicuous hymenial cystidiRu latisporusby its broadebasidiospore$11i 13
x 6/6.5¢ m)Zha¢ et al. 2014b

StrobilomyceBe r k . Hookerds J. Bot. Kew Gard. Mi s c .
MycoBank number: MB 18608; Facesoffungi number: FoF 14995
Notesi Strobilomycesvas established to accommod&eletus strobilaceu$cop. and its
allies. The gemsiis morphologically characterized by its dark brown to bladkéshdiomatapileal
surface covered with scales, and a distinct reddening or blackening discolouration when exposed
(Singer 1986, Sato et al. 2011, Wu et al. 2016a, Han et al. 2020). Aofoedl species of
Strobilomycesre currently recorded in southern Chine, S. albidusLi H. Han, J. Xu & Zhu L.
Yang, S. alpinusM. Zang, Y. Xuan & K.K. Cheng$. anthracinud.i H. Han, J. Xu & Zhu L.
Yang, S. atrosquamosu3.Z. Ying & H.A. Wen,S. brumeolepidotusHar. Takah. & Taneyama,
S. calidusLi H. Han, J. Xu & Zhu L. Yang,S. cingulatusLi H. Han & Zhu L. Yang,
S. densisquamosusi H. Han & Zhu L. Yang,S. douformisLi H. Han & Zhu L. Yang,
S. echinocephalu&elardi & Vizzini, S. foveatuorrer, S. giganteusM. Zang, S. glabellusJ.Z.
Ying, S. glabricepsWV.F. Chiu,S. latirimosus].Z. Ying, S. microreticulatud.i H. Han & Zhu L.
Yang, S. mirandusCorner, S. mollis Corner, S. montosusBerk., S. parvirimosusJ.Z. Ying,
S. pinophiludLi H. Han & Zhu L. Yang,S. pteroreticulosporugntonin & Vizzini, S. seminudus
Hongo, S. strobilaceugScop.) Berk.,S. subnudug.Z. Ying, andS. velutinus].Z. Ying. In this
paper, a known species discovered from Shanxi Province of northern China is documented as
follows.

Strobilomyces strobilaceusScop.) Berk., Hooker's J. Bot. Kew Gard. Misc. 3: 78 (1851)
Figs16f, 20

MycoBank number: MB 238002; Facesoffungi number: FoF 10113

Basidiomata smablized. Pileus 186 mm diam, convex to applanate; surface diak
brown (#69514d)to greyish black#2a232a) covered with conical or compressed scales; context
whitish (#d9d5d2)to grayish(#b7b3b2) turning dark red#45322b)to blackish(#342c1f)when
exposed. Hymenophore tubulosenate, surface whitgftffff) to grey(#b5b1b0) turning dark red
(#45322b) to blackish (#342cl1f) when exposed; tubes concolourous with the surface of
hymenophore; pores angular, T15mm diam. Stipe 260 x 510 mm, central, cylindrical to
subcylindrical, solid,equal concolorous to # pileus; surface covered with elongate reticula;
context whitish(#b4b2be)to grayish(#a2a0ah)turning dark red#9c99ac)o blackish(#736f7e)
when exposed. Basal mycelium whiggfffff) . Odor and tastarenot recorded.

Basidiospores [60/2/2] 103 x8 L 0 & m, 1X53,€Qy=11.26 (+ 012)subglobose to
broadly ellipsoid in side view, sometimes with slight suprahilar depression, subglobose in face
view, reticulate. Basidia 326 x 141 7 e m, c-dpareda bceasionady -2oored.
Hymenophoral tramaoletoidtype, that is divergent, with distinct mediostratum and densely
arranged lateral strata, hyphae cylindricall® e m wi de. Qb6ex 12a8cpyms t i di
fusiform to broadly fusiform. Pleurocystidia 471L x 101 8. 5 & m, si mi | anr t o
shape. Pileipellis an interwoven trichoderm, composed of more or less vertically arranged thin
walled, pale brown hyphaé 243 e m 1 n di am.i53 xt543, clavateaStipitipedlid d s 1
trichodermium composed of brownish to yellowish browwterwoven septate hyphaé 52 & m
wide, terminakells 26 72 x 5.5 11 um, subcylindrical telavate.Clamp connections aabsent.
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Ecology and habitat Solitary or scattered on the ground in broadleaf forest or coniferous
and broadleaf mixed forest, currenthydwn from Europe, East Asia and North/Central America.

Specimens examined China, Shanxi ProvinceJincheng City, Qinshui County,
Shangwoquan Village, on the ground in broadleaf forest dominat€lbycussp., 1148 m elev,

21 August 2019, Y.Y. Xu, XYYM42ZBJTC FM687);ibid., on the ground in broadleaf forest, 1168
m elev, 25 August 2020, H. Liu, LH1077 (BJTC FM1059).

Note i Strobilomyces strobilaceus characterized by its basidiomata turning dark red to
blackish when exposed, meditsized reticulate basiospores, and wider basidia (Berkeley 1851,
Petersen et al. 2012{an et al. 2020 Rare, only harvested frothe southern regiorof Shanxi
Province.

Figure 2071 Strobilomyces strobilaceua Pileipellis. b Cheilocystidia. ¢ Basidia. d Pleurocystidia
Scale bars:i = 10e m.

Suillellus Murrill, Mycologia 1: 16 (1909).

MycoBank number: MB 18620; Facesoffungi number: FoF 14996

Notesi Suillellus (Su) was established to accommod&seletus luridusSchaeff. and its
allies. The genus is morphologically characterized by eftowish brown to dark browpileus,
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