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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 Boletaceae in China, but the area investigated is generally the region of
sourthwestern and southern China. The knowledge of Boletaceae 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 gene (nrLSU), the translation
elongation factor 1-a gene (tefl), and the second largest subunit of RNA polymerase Il gene (rpb2)
dataset (totally including 1 140 sequences from 409 collections). Our phylogenetic tree revealed 24
Boletaceae species from our collections, which are distributed in 16 genera, i.e. Boletus,
Butyriboletus, Caloboletus, Chalciporus, Cyanoboletus, Hemileccinum, Hortiboletus, Leccinum,
Neoboletus, Retiboletus, Rubroboletus, Strobilomyces, Suillellus, Tylopilus, Villoboletus, and
Xerocomus. Of these species, 14 are identified as known species, including three new to China, and
10 are described and illustrated as new species in this paper. Accordingly, 15 species documented
from Shanxi before this study are briefly discussed.

Keywords — 10 new taxa — Basidiomycetes — Boletales — ectomycorrhizal fungi — molecular
analysis — taxonomy

Introduction

Boletaceae Chevall. is one of the most species-rich fungal 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 are utilized in commercial trade for their great dietary
and health value such as Boletus edulis Bull. and B. meiweiniuganjun Dentinger (Rivas-Ferreiro et
al. 2023). They are therefore both ecologically and economically important and have attracted the
attention of many 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 & Bresinsky 2002, Dai et
al. 2010, Horak 2011, Feng et al. 2012, Zhang et al. 2012, Gelardi et al. 20144, b, ¢, 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. 2019, Hosen & 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, Zang et al. 2001, 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 comparing to southwestern, southern and northeastern
China. During the last six 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, nrLSU, tefl, rpb2) are used in our molecular
analyses. Morphological features and DNA-based molecular analysis were conducted based on
specimens gathered, and sequences available in the GenBank database. Our aims are to: 1) clarify
the species diversity of Boletaceae in Shanxi 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 field from Shanxi Province, northern
China, from 2017 to 2022; then dried in a fruit drier at 40-50°C; and deposited at BJTC
(Herbarium Biology Department, Capital Normal University) and HSA (Hebarium of Shanxi
Institute for Functional Foods, Shanxi Agricultural University). 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 obtained from dry specimens mounted in 5% KOH, Congo Red, or Melzer’s
reagent (Dring 1971). The term ‘[n/m/p]’ means n. basidiospores from m. basidiomata of p
collections. Dimensions of basidiospores are given using the following format ‘(a—)b—c(—d)’, where
the range ‘b—c’ represents at least 90% of the measured values, and ‘a’ and ‘d’ are the most extreme
values. ‘Q’ refers to the length/width ratio of basidiospores in side-view; ‘Qay’ refers to the average
Q of all basidiospores + standard deviation.

DNA extraction, PCR amplification, sequencing and nucleotide alignment

A small amount of dry basidiomata (20—30 mg) was crushed by shaking for 45 seconds at 30
Hz 2—-4 times (Mixer Mill MM301, Haan, Germany) in a 1.5 mL tube, together with a 3 mm diam
tungsten carbide ball. Total genomic DNA was extracted from the powdered basidiomata using
NuClean Plant Genomic DNA Kit (CWBIO, Beijing, China), following the manufacturer’s
instructions. Fragments of four nuclear loci, including nrDNA (ITS1-5.8S-ITS2 = ITS), nuc nrLSU
subunit (nrLSU), translation elongation factor 1-a (tefl), and RNA polymerase Il second largest
subunit (rpb2) were amplified and sequenced. The primer pairs of ITS1-F/1TS4 for ITS, LROR/LR5
for nrLSU, EF1-B-F2/EF1-B-R for tefl, and RPB2-B-F2/RPB2-B-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 to Beijing 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, combined matrix of ITS-nrLSU-tef1-rpb2 was compiled to identify the species
and to investigate their phylogenetic position in the Boletaceae. Suillus aff. luteus and Suillus aff.
granulatus were selected as outgroups based on a previous study (Wu et al. 2014). The sequences
of the four loci (ITS, nrLSU, tefl, 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/&{ Sui[[e[lusﬂavgmrus HKAS 123826 China
Suillellus flaviporus HKAS 126555 China
Suillellus pinophilus HKAS 126550 China
Suillellus comptus AMB 12639 Italy
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

*/0.99

*/1

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 1 — Phylogenetic tree generated from a maximum likelihood analysis based on combined
ITS-nrLSU-tef1-rpb2 sequences, showing the phylogenetic relationships of Boletaceae. Numbers
representing likelihood bootstrap support (MLBS > 70%, left) and significant Bayesian posterior
probability (BPP > 0.95, right) are indicated above the nodes. Novel sequences are printed in bold.
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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 1 — Continued.
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Figure 1 — 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 1 — 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 1 — 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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Boletoideae

72/0.99 |

1S

—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

92/*

100/1

100/1

1

Figure 1 — Continued.

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

opilus himalayanus DC 17-31 India
100/1_| Tylopilus himalayanus DC 17-25 India T. himalayanus
Tylopilus himalayanus BYTC FM2315 China
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Hortiboletus rufosquamosus BJTC FM2652 China
Hortiboletus rufosquamosus BJTC FM2680 China
99/1 gnrtiza;ems rufasquamosus gj:ll:g gm%ggg Ehlina o
A ortiboletus rufosquamosus olotype China |
Boletoideae +/0.97] | Hortiboletus rufosyuamosus BITC FM2692 China I E ST
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
Boletaceae */99) Xerocomellus communis HKAS 50467 China
Xerocomellus cisalpinus PDD94421 New Zealand
9977| 100/1 Xerocomellus corneri HKAS52503 China
Xerocomellus corneri HKAS90206 China
/1 100/1 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 .
Hymenoboletus luteopurpureus HKAS46334 China
100/1— Zangia roseola HKAS52661 Cﬁilna
ﬂCEZangiu 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
1 Chalc;porux vulparius FHMUS5560 China
100/1; Chalciporus rubinelloides HKAS74952 China
Chalciporus rubinelloides HKAS58728 China
BChlalci )lorl;ls seu;{orubit;el}lttll-s:g(g 15J8S9J?7 o
100/* 100/1 uchwaldoboletus lignicola -F- i
M { Buchwaldoboletus lignicola HKAS76674 China
99/1 Gyrodon lividus REG GI1 Germany
/1 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
oo — L Gyroporus sp. HKAS63505 China
Gyroporus castaneus HKAS76672 China
—— Suillus aff. luteus HKAS 57748 China
L Suillus aff. granulatus HKAS 57622 China
0.04 Species from Shanxi Province, northern China
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Figure 1 — Continued.

The sequences were then concatenated using SequenceMatrix 1.7.8 (Vaidya et al. 2011).
To check for the degree of congruence among the different markers, single-gene analyses were
conducted to assess incongruence among individual genes using the ML method (results not
shown). Because no well-supported (BS>70%, Nuhn et al. 2013) conflict was detected among the
topologies of the four genes, their sequences were then concatenated together for further multi-gene
analyses. The final alignments were submitted to TreeBASE under accession number 30839.

Phylogenetic analyses were conducted using maximum likelihood (ML) and Bayesian
inference (Bl). ML analyses were carried out in RAXML 8.0.14 (Stamatakis 2014) with all
parameters at default settings. As RAXML only supports the GTR model of nucleotide substitution,
the GTRGAMMAI model was used for phylogenetic analyses. 1000 bootstrap replicates were
computed in RAXML using a rapid bootstrap analysis and search for the best-scoring ML tree. Bl
analysis was performed in MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003). A partitioned mixed
model was used by defining the sequences of ITS, nrLSU, tefl, and rpb2 as four independent
partitions, and each gene was separately modeled with different parameters. The best-fitted
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substitution model for each gene 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 and tefl whereas SYM+I+G was selected as the best model for rpb2. We used two
independent runs 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 generations after burn-in
(25% of trees were discarded as the burn-in phase of the analyses, set up well after convergence),
and 50% majority-rule consensus trees were constructed.

Clades with bootstrap support (MLBS) > 70% and Bayesian posterior probability (BPP)
> 0.95 were considered significantly supported (Hillis & Bull 1993, Alfaro et al. 2003). All
phylogenetic trees were viewed with TreeView (Page 2001).

Results

Phylogenetic analyses

The final combined ITS-nrLSU-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 aligned sites, with 439 characters for ITS, 846
characters for nrLSU, 620 characters for tefl, and 706 characters for rpb2. ML and BI analyses
yielded similar tree topologies and only the tree inferred from the ML analysis is illustrated with
strong statistical bootstrap 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 topology of the study by Wu et
al. (2014). The sequences of our 61 collections formed 24 strong support clades, indicating they
were 24 distinct species, and these species were respectively placed in 16 genera, i.e. Boletus,
Butyriboletus, Caloboletus, Chalciporus, Cyanoboletus, Hemileccinum, Hortiboletus, Leccinum,
Neoboletus, Retiboletus, Rubroboletus, Strobilomyces, Suillellus, Tylopilus, Villoboletus, and
Xerocomus. Of them, 10 species are described as new species, and the remaining 14 clades
correspond well to the previously described species including three new to China. The
abbreviations of relevant genera mentioned 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 generic names mentioned 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 Su.
Hemileccinum H. Tylopilus T.

Hortiboletus Ho. Villoboletus V.

Leccinum L. Xerocomus X.

Boletus L., Sp. pl. 2: 1176 (1753)

MycoBank number: MB 17174; Facesoffungi number: FoF 14984

Notes — Boletus was established by Linnaeus (1753). The genus is morphologically
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 to white, unchanging in
color when exposed (Coker & Beers 1943, Smith & Thiers 1971, 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 paper, a known species discovered from Shanxi Province of
northern China is documented as follows.

Figure 2 — Fresh basidiomata of Boletaceae species. a—b Boletus bainiugan (BJTC FM1013, BJTC
FM2329). c¢-d Butyriboletus brunneoides (BJTC FM1785, BJTC FM1816). e—f Butyriboletus
parachinarensis (BJTC FM2769, BJTC FM2770). g—h Butyriboletus sinoregius (BJTC FM1103,
BJTC FM1240). i—j Caloboletus griseoflavus (BJTC FM699, BJTC FM2221). k-l Chalciporus
piperatus (BJTC FM2220). Scale bars: a—1 =2 cm.
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Boletus bainiugan Dentinger, in Dentinger & Suz, Index Fungorum 29: 1 (2013)
Figs 2a-b, 3
MycoBank number: MB 550249; Facesoffungi number: FoF 15000
Basidiomata medium to large-sized. Pileus 37-180 mm diam; convex to broadly convex, then
plane to slightly depressed center when mature; surface glabrous, even or sometimes rugose, dark
brown (#b0856d) to black brown (#998f86) at first, then brown (#cdb48c) to yellow-brown
(#dbc4ab); context up to 30 mm, white (#ffffff), unchanging in color when exposed. Hymenophore
tubulose, depressed around apex of stipe; surface covered with white (#ffffff) 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 roundish, 0.7-0.9 mm diam. Stipe 53—
120 x 11-35 mm, central, cylindrical to subcylindrical, solid, enlarged downwards, pale brown
(#e9ceac) to brown (#ch9f7f); surface covered with brown (#895837) reticula all over the stipe;

context white (#ffffff), unchanging in color when exposed. Basal mycelium white (#ffffff). Odor
and taste are not recorded.
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Figure 3 — Boletus bainiugan. a Pileipellis. b Basidiospores. ¢ Basidia. d Cheilocystidia.
e Pleurocystidia. f Caulocystidia. Scale bars: a—d = 10 pm.
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Basidiospores [100/2/3] 11-15 x 4-5.5 um, Q = 2.6-3.34, Qav = 2.97 (% 0.18), subfusiform in
side view, sometimes with slight suprahilar depression, elliptic-fusiform to subfusiform in face
view, pale yellow in water or 5% KOH, smooth. Basidia 22-30 x 8.5-12.5 um, clavate, 4-spored,
occasionally 2-spored. Hymenophoral trama boletoid-type, that is divergent, with distinct
mediostratum and loosely arranged lateral strata, cylindrical hyphae, 4-13 um wide. Cheilocystidia
2545 x 7-11 um, subfusiform to fusoid-ventricose. Pleurocystidia similar to cheilocystidia in
shape and size. Pileipellis an interwoven trichoderm, composed of more or less vertically arranged,
thin-walled, hyaline and pale brown hyphae, 4-13 um in diam, terminal elements subcylindric to
subfusiform, 10-50 x 5-13 um. Stipitipellis a hymeniform, with caulocystidia 20-60 x 6-10 um,
clavate to lageniform, thin-walled. Clamp connections are absent.

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, Qinshui County, Lishan
Mountains, Zhongchunlinchang, on the ground in mixed forest dominated by Quercus spp., 1680 m
elev, 24 August 2020, H. Liu, LH1153 (BJTC FM1013); ibid., on the ground in broadleaf forest
dominated by Quercus sp., 1616.5 m elev, 10 August 2022, N. Mao, MNM583 (BJTC FM2253);
ibid., Shangchuan Village, on the ground in broadleaf forest dominated by Quercus sp., 1710.5 m
elev, 11 August 2022, N. Mao, MNM607 (BJTC FM2295); Pu County, Wulu Mountain, on the
ground in broad leaved forest, 1780 m elev, 13 August 2022, J.C. Lv, LJC240 (BJTC FM2329);
ibid., on the ground in broadleaf forest dominated by Quercus sp., 1498 m elev, 14 August 2022, N.
Mao, MNM678 (BJTC FM2437).

Note — Boletus bainiugan is characterized by its brown pileus with a glabrous surface, stipe
covered with brown reticula, trichodermal pileipellis and subfusiform basidiospores (Cui et al.
2016). Boletus bainiugan is often confused with B. edulis by their similar morphology with distinct
reticulations of the stipe. However, B. edulis differs from B. bainiugan by its pileus with a white
margin and relatively larger basidiospores (15-19 x 5-6 um) (Alessio 1985, Cui et al. 2016). Our
studies showed that B. bainiugan preferred the warm climate and is closely related to Quercus spp.
in Shanxi Province, where it has a popular occurring at summer season in both the southern region
of Lvliang Mts. and the eastern area of Zhongtiao Mts in Shanxi Province.

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

MycoBank number: MB 803207; Facesoffungi number: FoF 14985

Notes — Butyriboletus (Bu.) was established to accommodate the Boletus sect. Appendiculati
Estadés & 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. 2016a, Fu et al. 2022, Wang et al. 2022). A total of 11 species of
Butyriboletus are currently recorded in southern China, i.e. Bu. brunneoides L. Fan & H.Y. Fu, Bu.
hainanensis N.K. Zeng, Zhi Q. Liang & S. Jiang, Bu. huangnianlaii N.K. Zeng, H. Chai & Zhi Q.
Liang, Bu. pseudoroseoflavus Yang Wang, Bo Zhang & Yu Li, Bu. pseudospeciosus Kuan Zhao &
Zhu L. Yang, Bu. roseoflavus (Hai B. Li & Hai L. Wei) D. Arora & J.L. Frank, Bu. sanicibus D.
Arora & J.L. Frank, Bu. sinoregius L. Fan & H.Y. Fu, Bu. subregius Yang Wang, Bo Zhang & Yu
Li, Bu. subsplendidus (W.F. Chiu) Kuan Zhao, G. Wu & Zhu L. Yang, and Bu. yicibus D. Arora &
J.L. Frank. In this paper, three known species discovered from Shanxi Province of northern China
are documented as follows.

Butyriboletus brunneoides L. Fan & H.Y. Fu, in Fu, Li & Fan, Phytotaxa 544(2): 213 (2022)
Figs 2c-d, 4
MycoBank number: MB 842144; Facesoffungi number: FoF 15001
Basidiomata small to medium-sized. Pileus 35-94 mm diam; hemispherical to convex at a
young age, then broadly convex 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 tubulose, adnate,
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surface bright yellow (#ffffla) to light yellow (#eaff80), turning blue when exposed; tubes
concolorous with hymenophore surface, up to 8 mm long; pores somewhat elliptical or subround,
0.2-0.3 mm in diam. Stipe 45-60 x 7-30 mm, central, cylindrical, solid, equal or slightly enlarged
downwards, pale yellow (#eaff80), developing pale red stains near the base; surface covered with a
fine pale yellow (#eaff80) reticulum; context white (#ffffff) to pale yellow (#f2ffb8), turning blue
(#53809¢e) when exposed. Basal mycelium whitish. Odor and taste are not recorded.
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